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I SUMMARY : 

This report summarizes the air quality data collected by 
Ministry of Environment monitoring stations in the Sudbury 
area during 1976 and 1977. Average ground level sulphur 
dioxide (SO2) concentrations in the Sudbury basin during 
that period were similar to those recorded in 1975. The 
Provincial objective of 0.25 ppm for an hourly average 
was exceeded on approximately 500 hours in both years, 
consistent with results obtained in 1974 and 1975. The new 
Air Pollution Index (API) station, commissioned in January 
1976 and located in the northeastern section of the city of 
Sudbury, recorded amongst the highest SO2 levels in the Sudbury 
area during both 1976 and 1977. In 1977, this station recorded 
the highest air pollution index values in the city of Sudbury 
since the introduction of the tall stack at Copper Cliff in 
1972. In general, however, the air pollution index levels at 
the three API station were well below the advisory level of 
32. 

Sulphur dioxide data for the 1967-1977 period were compiled 
and summarized to allow a comparison of SO2 levels in the 
Sudbury airshed before and after 1972. The data indicate 
that since 1972, there has been a considerable decrease in 
the ground level concentrations of SO2 and in the frequency 
of excessive fumigations both during the growing and non-growing 
seasons, such that measures undertaken since 1972 have 
considerably improved the air quality in the Sudbury area. 

The levels of total suspended particulate matter in and around 
the city of Sudbury were well within Provincial criteria. 
Concentrations of copper, nickel and lead in suspended 
particulates were also generally low and within the criteria, 
except for nickel concentrations which on occasion were found 
to be elevated at locations close to the Copper Cliff and 
Falconbridge smelters. As in the past, some of the dustfall 
monitoring stations measured excessive dust levels. The highest 
soluble sulphate levels in dustfall samples were obtained at 
the monitoring sites closest to the Copper Cliff complex. 

As in previous years, ambient levels of carbon monoxide, total 
hydrocarbons, oxides of nitrogen and ozone measured at the 
Ash Street section in the city of Sudbury were generally 
quite low and well within acceptable levels for good air 
quality. However, excessive ozone levels were measured on 
a few occasions in the summer of 1977. These excessive 
values are believed to have resulted from the long-range 
transport of this pollutant from southern Ontario and/or 
from the eastern and midwest United States. 



II SULPHUR DIOXIDE LEVELS IN THE SUDBURY AREA: 

i) SO 9 Monitoring Network: 

In 1976 and 1977, sulphur dioxide ground level concentrations 
in the Sudbury area resulting from emissions from the Inco 
Metals Company and the Falconbridge Nickel Mines Company 
smelters, located at Copper Cliff and Falconbridge respectively, 
continued to be monitored by the Ontario Ministry of the 
Environment continuous SO2 monitoring network. The network 
of monitoring stations was essentially identical to the one 
described in a 1975 Ministry report (1) with the exception 
of the following changes. In January 1976 a new Air Pollution 
Index (A.P.I.) station became operational in the northeast 
section of the city of Sudbury. The station is located on 
Kennedy Avenue near the LaSalle Secondary School, and is 
close to the Barrydowne Road - LaSalle Boulevard residential 
and shopping districts in New Sudbury (see Figure 3 or 4) . 
New Sudbury is a rapidly developing area, with a population 
of about 26,000. As a result of the opening of the new 
A.P.I, station, the sulphur dioxide monitor (Garson station) 
located on Maley Drive, near the new facility, was relocated 
to the Town of Garson in June 1976 in order to provide 
better coverage of that area. The new Garson station is 
located approximately 6 kilometers northeast of the former 
site. 

The locations of the SO2 monitoring stations in the Sudbury 
airshed are shown in Figure 1 . This map incorporates the 
changes in the network noted above. All stations, with the 
exception of the stations located at Lake Temagami , Chiniguchi 
Lake and Grassy Lake, are winterized and are operated and 
maintained on a year-round basis. The latter stations are 
essentially removed from populated areas of the Sudbury 
airshed and are operated from May to October only. This 
period coincides with periods of prevailing winds from the 
southwest over the Sudbury basin (Figures 5 to 9) and also 
with the growing season, when vegetation is more susceptible 
to injury from SO2 • 

Subsequent to the discontinuance of Thomas autometers as 
continuous SO2 monitors in the Sudbury area in 1973, 2 types 
of wet chemical analyzers have been utilized by the Ministry 
in the Sudbury area: the Davis conductivity analyzer and the 
Beckman 906A coulometric analyzer. The Beckman analyzer is 
specific to S02* whereas the Davis instrument will respond 
to gaseous pollutants that readily ionize in water. Consequently, 
the Davis analyzers have been and are currently utilized at 
locations well removed from other sources of pollutants. 
More recently, a program for the gradual replacement of the 
Davis analyzers has been instituted as indicated in the 
following table: 



YEAR NO. OF STATIONS WITH NO. OF STATIONS WITH TOTAL NO 
DAVIS ANALYZERS BECKMAN ANALYZERS OF 

STATIONS 



1974 12 2 14 

1975 13 3 16 

1976 12 5 17 

1977 11 6 17 

Current projections are such that all Davis SO2 monitors in 
the Sudbury airshed will be taken out of service in the next 
couple of years, largely due to anticipated acquisition of 
TECO model 43 pulsed fluorescent SO2 analyzers currently 
used by the Ministry at other locations in Northeastern 
Ontario. 

ii) SO2 Ground Level Concentrations (1976-1977) ; 

During 1976 and 1977, 17 SO2 monitoring stations were operated 
by the Ministry in the Sudbury airshed. The record of 
percent valid data acquired, the total number of hourly 
readings recorded and the average concentration measured at 
each station are summarized in Table 1. The majority of the 
stations collected well over 90% valid data in both 1976 and 
1977 with some stations collecting 98% and 99% valid data. 
The 3 summer stations located in the northeastern sector of 
the airshed collected between 69% and 87% valid data in 
1976-1977. Higher data losses at these stations resulted 
primarily from servicing and maintenance problems associated 
with the remoteness of the locations. The overall record of 
data acquisition was better in 1977, with 127,427 hourly 
readings collected in 1976 and 129,503 readinqs collected 
in 1977. 

Table 1 indicates that the Skead, New Sudbury, Ash Street, 
Coniston, Garson and Hanmer stations recorded the highest 
annual average SO2 concentrations in both 1976 and 1977 with 
averages all in excess of 0.010 ppm. The other stations in 
the network recorded concentrations ranging from 0.003 to 
0.009 ppm. On the basis of data collected at the 3 Air 
Pollution Index stations (Ash Street, Coniston, New Sudbury) 
in the Sudbury area, it is estimated that an uncertainty of 
+ 0.002 ppm can be ascribed to annual average SO2 concentra- 
tion values. This figure was determined by comparing data 
at the A.P.I, stations for pairs of SO2 monitors sampling 
from the same inlet line and operating under essentially 
similar conditions. Hence the only significant changes in 
the annual averages from 1976 to 1977 appear to have been 
recorded at the Skead, Hanmer and Ash Street stations, with 
decreases of 0.004, 0.005 and 0.004 ppm respectively. The 
other stations in the Sudbury airshed recorded essentially 
constant concentrations in both years. The overall average 
concentration for the monitoring network did not vary appreciably 
with average levels of 0.010 ppm and 0.009 ppm for 1976 and 
1977 respectively. In 1976, the Provincial annual criterion 
of 0.02 ppm was equalled at the Skead and New Sudbury stations, 



whereas in 1977 only the latter station recorded an annual 
average at the 0.02 ppm level. Hence the New Sudbury station 
has recorded annual SO2 means at the criterion level for the 
2 years that it has been in operation. 

The 1-hour and 24-hour maximum SO2 concentrations and the 
frequency of exceedance of the 1-hour and 24-hour Provincial 
criteria recorded at the stations in 1976 and 1977 are 
presented in Table 2. The 1-hour criterion is 0.25 ppm, 
whereas the 24-hour criterion is 0.10 ppm. In 1976 the 
highest 1-hour reading was 1.72 ppm and was recorded at the 
Skead station on May 5th. This particular fumigation (see 
Figure 10) lasted 13 hours during which 5 hours exceeded 
1.00 ppm. The 24-hour average on that day reached 0.36 ppm, 
the highest value recorded in the Sudbury basin in 1976. 
In 1977, the maximum 1-hour reading was recorded at the 
Morgan station on October 29 with an average concentration 
of 1.45 ppm. This is the highest reading recorded at this 
location since the inception of the station in 1961. The 
fumigation lasted approximately 12 hours (see Figure 11) 
resulting in a 24-hour average concentration of 0.15 ppm for 
that day. This is also the maximum 24-hour average concentration 
ever recorded at the Morgan station. The prevailing wind 
direction in the Sudbury airshed on that day was ENE with an 
average speed of 7.0 km/hr . The fumigation was attributed 
to SO2 emissions from the Falconbridge Nickel Mines smelter 
located in Falconbridge. 

In 1976, the Provincial 1-hour criterion of 0.25 ppm was 
exceeded on 526 occasions, whereas in 1977 the criterion was 
exceeded a total of 499 hours. The Inco Metals Company 
operated without extended shutdown periods in both 1976 and 
1977. However, as part of a voluntary emissions reduction 
program, Inco Metals implements SO2 emissions cutbacks on 
the 380 meter stack at its Copper Cliff smelter on days when 
ground level SO2 concentrations greater than 0.50 ppm are 
anticipated. In 1976, Inco reported to have implemented 
controls on 46 days, resulting in approximately 87 hours 
equivalent to 100% reduction in SO2 emissions. This amounts 
to a little over 3.6 days of production. In 1977, 45 days 
with controls were implemented amounting to about 92 hours 
equivalent to 100% reduction in emissions. This implies 
that in 1977 the smelter was effectively down for about 3.8 days 
due to SO2 emissions cutbacks. 

In 1976 Falconbridge Nickel Mines curtailed its operations 
from July 11 to August 3 as part of a summer vacation shutdown 
program. Due to a sharp decline in the demand for nickel in 
1977, Falconbridge Nickel Mines ceased their smelting operations 
from September 10 to October 11 and also from December 24 to 
January 2, 1978. The shutdown periods implemented by Falconbridge 
Nickel Mines in 1977 apparently had a minor impact on the 
total number of hours in excess of the criterion, since the 
monitoring stations most likely to monitor emissions from 
the Falconbridge smelter recorded a greater frequency of 
hourly values over 0.25 ppm. 



As in previous years, the Skead station recorded the greatest 
number of hours above 0.25 ppm with 154 and 161 excessive 
readings in 1976 and 1977 respectively. The following 
stations also recorded a number of excessive readings in 
both 1976 and 1977: New Sudbury, Coniston, Ash Street, 
Garson, Hanmer and Lockerby. The Hanmer station recorded an 
increase in excessive readings with 62 in 1977 versus 37 in 
1976. In 1977 the Ash Street station measured a record low 
number of excessive readings with only 25 hours above 0.25 
ppm. The New Sudbury and Lockerby stations also recorded a 
lower frequency of excessive readings in 1977 versus 1976. 
The St. Charles station recorded 8 hours greater than 0.25 
ppm in 1976 and only 1 in 1977. A low frequency of excessive 
readings was also observed for the Verner, Grassy Lake, 
Chiniguchi Lake and Lake Temagami stations. A breakdown of 
the total number of hours greater than 0.25 ppm recorded in 
the Sudbury basin since 1971 is presented in Table 3. The 
total number of excessive hours in 1976 and 1974 are fairly 
identical, whereas the 1977 totals are slightly higher than 
in 1975. Hence since 1974, the Ministry network has been 
measuring an average of about 500 hours in excess of the 
Provincial criterion annually. 

The 24-hour Provincial criterion of 0.10 ppm was exceeded on 
21 days in 1976 and on 23 days during 1977. The majority of 
these excessive daily averages (14 in 1976 and 9 in 1977) 
were obtained at the Skead station as shown in Table 2. In 

1976, the Hanmer, Ash Street and Coniston stations each had 

1 day with an average greater than 0.10 ppm, whereas the New 
Sudbury station recorded 4 days with excessive means. In 

1977, the Hanmer, Rayside, Garson (new), Morgan and Lockerby 
stations all recorded at least 1 day with an average concen- 
tration exceeding 0.10 ppm. A summary of the frequency of 
exceedance of the 24-hour criterion since 1971 is presented 
in Table 4 for all stations in the Sudbury airshed that were 
operated in 1976 and 1977. A decrease in the number of days 
with averages greater than 0.10 ppm has occurred at the Ash 
Street station since 1972, such that in 1976 only one 24-hour 
average exceeded 0.10 ppm, and in 1977 the maximum 24-hour 
average recorded was 0.08 ppm. The Skead station has also 
experienced a decrease in the frequency of excessive 24-hour 
averages since 1972, but not to the extent realized at the 
Ash Street station. Since 1971, these 2 monitoring stations 
have recorded approximately 72% of the total number of 24-hour 
averages greater than 0.10 ppm. The rural stations, well 
removed from Copper Cliff and Falconbridge, very seldom 
recorded 24-hour averages greater than 0.10 ppm. 

Tables 5 and 6 contain the group frequency classifications 
for the hourly readings recorded in 1976 and 1977. In both 
years, approximately 98% of the hourly readings were in the 
0.0 to 0.10 ppm category. This is consistent with data 
collected in previous years in the Sudbury airshed. In 
1976 and 1977 Skead recorded the largest number of hours 
greater than 0.50 ppm, followed by the New Sudbury station 
in 1976 and the Hanmer station in 1977. The Skead monitor 
recorded all the readings in excess of 1.00 ppm during 1976, 
whereas in 1977 single hourly averages greater than 1.00 
ppm were recorded at Rayside, Morgan and New Sudbury. 



Overall, sulphur dioxide levels in the Sudbury area were 
marginally lower in 1977 than in 1976. Areas such as Skead, 
New Sudbury, Garson, Ash Street, Hanmer and Coniston were 
exposed to the highest SO2 levels recorded in 1976 and 1977. 

iii) Source Identification for SO2 Incidents (1976-1977) : 

a) Hourly Ground Level Concentrations : 

Through correlations with meteorological data, the source 
(Inco Metals or Falconbridge Nickel Mines) of SO2 fumigations 
resulting in hourly ground level concentrations greater than 
0.25 ppm was determined for both 1976 and 1977. The meteorological 
information used in this analysis consisted of hourly wind 
speed and direction data at elevations of 12 and 114 metres 
on the CKNC-TV tower in Sudbury, and also of prevailing 
(daily) wind speed and direction measurements from the 
Sudbury airport weather office located near Skead and 
operated by Environment Canada. 

The SO2 readings from the Skead station were not included in 
this analysis because of the difficulty of identifying the 
source with confidence, with the meteorological data available. 
As seen in Figure 1, this station is located along a SW-NE 
line with both sources, such that fumigations recorded at 
that location are often the result of overlapping plumes 
from Copper Cliff and Falconbridge. Hence identification of 
the source of the fumigations at Skead is very difficult. 
The few excessive readings from the Lake Temagami , Grassy 
Lake, Chiniguchi Lake and Verner stations were also not 
included in this analysis, again owing to the difficulty of 
identifying the source with the limited meteorological data 
base. 

In 1976, a total of 526 hourly readings exceeded the 0.25 
ppm Provincial criterion. Of these, 154 hours were recorded 
at the Skead station, 9 hours were recorded at the summer 
stations northeast of Lake Wanapitei and 1 hour was recorded 
at the Verner station. In addition, 13 excessive hourly 
readings could not be positively associated with a particular 
source due to the low wind speeds and variable wind directions 
typically associated with stagnant conditions. Consequently, 
a total of 176 hours greater than 0.25 ppm could not be 
associated with a particular source. Of the remaining 350 
hours greater than 0.25 ppm, 223 hours were attributed to 
emissions from Inco Metals and 127 hours to emissions from 
Falconbridge Nickel Mines resulting in a ratio of 1.8/1.0. 
A breakdown by station is presented in Table 7, from which 
it is observed that excessive readings in 1976 at the Lake 
Penage, Burwash, Hanmer, Garson (new) , Ash Street, Morgan, 
St. Charles, New Sudbury and Lockerby stations resulted 
predominantly from Inco emissions. On the other hand, 
the Coniston, Callum and Garson (old) stations recorded 
fumigations resulting primarily from Falconbridge emissions. 
The Rayside station recorded marginally more excessive 
concentrations from Inco than from Falconbridge. 



During 1977, 499 hourly readings exceeded 0.25 ppm. Of 
these, 161 hours were recorded at the Skead station and 3 
hours were recorded at the 3 summer stations, resulting in 
164 hours greater than 0.25 ppm that were not associated 
with a particular source. From the remaining 335 hours, 203 
hours were attributed to emissions from Inco and 132 hours 
were attributed to Falconbridge Nickel Mines, a ratio of 
1.5/1.0. The breakdown of SO2 fumigations for each station 
for 1977 is also presented in Table 7. As in 1976, most 
monitoring stations in the Sudbury airshed measured more 
excessive readings from Inco than from Falconbridge. On the 
other hand, the Coniston, Morgan, Rayside and Garson stations 
recorded more fumigations from Falconbridge than from Inco, 
during 1977. During the Falconbridge Nickel Mines shutdowns 
in 1976 (July 11 to August 3) and 1977 (September 10 to 
October 11, and December 24 to January 2, 1978) the Skead 
station recorded a total of 14 hours with concentrations 
greater than 0.10 ppm, with a maximum hourly value of 0.24 
ppm. The decrease in the number of hours with concentrations 
greater than 0.25 ppm from 1976 to 1977 for these 12 stations 
is attributed to a decrease in the numbers of excessive 
readings resulting from Inco emissions. 

Of the 44 hours greater than 0.25 ppm measured at the Ash 
Street station in 1976 and attributed to Inco Metals, at least 
23 hours (or about 52%) resulted from low level emissions 
from the Copper Cliff smelter and/or possibly from Inco 
Metals' Iron Ore Recovery Plant stack. These excessive 
readings were generally recorded between 1800 hours and 1000 
hours (EST) when emissions from the Copper Cliff tall stack 
are likely to be released above the nocturnal inversion 
layer. Preliminary results (2) of minisonde temperature 
profiles obtained by the Ministry's Sudbury Environmental 
Study program during 1976 and 1977 at Copper Cliff indicate 
that during the summer period, the nocturnal inversion layer 
is typically about 150 metres above ground and generally 
breaks up around 1000 or 1100 hours (EST) . During the rest 
of the year, this layer is typically lower, with frequent 
occurrences of ground based inversions. 

During 1977, of the 25 hours greater than 0.25 ppm recorded 
at Ash Street and attributed to Inco emissions, at least 11 
hours (or about 44%) resulted from low level emissions from 
the Copper Cliff smelter and/or possibly from the Iron Ore 
Plant stack. Again these excessive readings occurred between 
1800 hours and 1000 hours (EST) and, as in 1976, were always 
less than 0.5 ppm. The percentage of hourly concentrations 
greater than 0.25 ppm attributed to low level emissions from 
Inco is most likely a conservative estimate since the possibility 
of daytime (between 1100 hours and about 1700 hours) ground 
level gas fumigations certainly exists and was not considered 
in this analysis. However, extensive micrometeorological 
data coupled with visual observations would be required in 
order to positively separate stack fumigations from ground 
level gas fumigations during daytime periods. 



b) 2 4-Hour Average Ground Level Concentrations : 

A source identification analysis was also carried out for 24-hour 

averages in exceedance of the Provincial criterion (Table 2) . 

Again, the data from the Skead station, accounting for 2 3 of 

the 44 values greater than 0.10 ppm in 1976 and 1977, were 

not included for reasons stated earlier. Of the remaining 

21 incidents, 7 occurred in 1976 of which 4 were attributed 

to emissions from Inco and 3 were attributed to emissions 

from Falconbridge. In 1977, 14 days with averages greater 

than 0.10 ppm were recorded, with 6 days attributed to Inco 

and 6 days attributed to Falconbridge. The other 2 days 

with excessive concentrations resulted from combined emissions 

from both sources. Hence, discounting the data from the 

Skead station, in 1976 and 1977 Inco and Falconbridge shared 

equal responsibility for extensive fumigations resulting in 

24-hour average concentrations greater than 0.10 ppm. 

iv) S02 Ground Level Concentrations (1967-1977) : 

In 1972, a number of major changes in the smelting activities 
in the Sudbury area were realized, resulting in significant 
reductions of the levels of SO2 emissions to the natural 
environment. In April of that year, Inco Metals permanently 
shut down the Coniston smelter, while in August the Company 
commissioned a 380 metre stack at its Copper Cliff smelter, 
in order to reduce ground level concentrations of SO2 gas 
through more effective atmospheric dispersion. In addition, 
reductions in SO2 emissions from the Copper Cliff complex 
were achieved in large part through rejection of pyrrhotite 
from the smelter burden, coincident with the introduction of 
the tall stack. Further, SO2 emissions from Inco Metals' 
Iron Ore Recovery Plant were gradually reduced and limited 
to 250 tons/day. A summary of Inco Metals emissions rates 
from 1967 to 1977 is shown in Figure 12. 

In April 1972, Falconbridge Nickel Mines shut down its 
pyrrhotite plant, thereby decreasing SO2 emissions from its 
Falconbridge complex as shown in Figure 13. Labor strikes 
in 1975 and 1976, and shutdowns in 1977 resulting from poor 
nickel markets accounted for further reductions in SO2 emissions 
from Falconbridge during these years. As well in 1969, both 
Inco Metals and Falconbridge Nickel Mines experienced an 
extensive labor strike such that SO2 emissions during that 
year were reduced considerably from previous years as shown 
in Figures 12 and 13. 

Consequently, it would seem appropriate at this time to 
summarize SO2 ground level concentration data from the 
Ministry's monitoring network in order to assess the impact 
of these measures on the air quality in the Sudbury area. 
Therefore, SO2 ground level concentration data were compiled 
and summarized covering the oeriod 1967 to 1977, to allow a 
comparison of SO2 levels in the Sudbury airshed both before 
and after 1972. In this analysis, 1972 is a transition year 
and the period 1967 to 1977 spans 5-year periods before and 
after 1972. Although the majority of the monitoring stations 
in the Sudbury basin have been operating prior to 1967 (e.g. 
the Lake Penage, Burwash, Grassy Lake and Skead stations 
have been in operation since 1952) , the S0 2 levels for the 
period 1967 to 1971 are felt to be representative of "pre- 
1972" conditions. 



The 9 monitoring stations from which data will be presented 
are as follows: Callum, Rayside, Skead, Lake Penage, Morgan, 
St. Charles, Burwash, Garson and Grassy Lake. Their locations 
are shown in Figure 1. Prior to 1973, these stations were 
operated from May to October only of each year and SO2 concen- 
trations were determined with Thomas autometers. Since 
1973, all stations, with the exception of the Grassy Lake 
station have been operational year round. Davis conductivity 
SO2 analyzers have been in use at these stations since 1974. 
More recently a few of the stations have been equipped with 
Beckman 906A SO2 analyzers as discussed in an earlier section. 

Histograms were prepared for each station summarizing the SO2 
average ground level concentration for each year. In addition, 
the total number of hours monitored, the average concentration 
and the frequency of exceedance of the 1-hour and 24-hour 
Provincial criteria are presented for the periods 1967-1971 
and 1973-1977. The SO? average concentration for each year 
is indicated by the height of the histogram bars, except for 

1972 for which the average is represented by the horizontal 
line segment perpendicular to the dotted line. For every 
station, with the exception of the Grassy Lake station, two 
histograms were prepared: one covering the May to October 
period for each year, and the other covering the May to 
October period from 1967 to 1971, and the full year from 

1973 to 1977. This approach was necessitated in order to: 

1. Compare identical monitoring periods (e.g. May to 
October) before and after 1972. 

2. Summarize all the data collected by the Ministry's 
monitoring network since 1967. 

The histograms for the May to October data are presented in 
the companion volume of this report (3) . At most locations, 
ground level SO2 concentrations were reduced substantially 
after 1972 both in terms of the number of excessive hourly 
and 24-hour values, and of average concentrations. However, 
average concentrations at the St. Charles station have 
increased slightly since 1972, whereas mean concentrations 
at the Morgan, Grassy Lake, Burwash and Lake Penage stations 
have either decreased marginally or remained constant. A 
summary histogram is shown in Figure 23. From 1967 to 1971 
inclusively 181,663 hours of data were collected from May to 
October. A total of 2423 hours in excess of the Provincial 
criterion were monitored and 189 24-hour averages exceeded 
0.10 ppm. For the 9 stations collectively, the overall 
average ground level concentration of SO2 was 0.013 ppm. 
During the 1973 to 1977 May to October periods 187,266 hours 
of data were collected with 750 hours in excess of the 
criterion and 32 24-hour averages in excess of 0.10 ppm. 
The overall average concentration for that period was 0.007 
ppm. Consequently, the "post 1972" period has shown a 50% 
decrease in the overall average ground level concentration 
compared to the "pre-1972" period. Moreover, the frequency 
of excessive hourly concentrations decreased by about 66%, 
whereas the frequency of 24-hour averages in excess of the 
criterion went down by approximately 80%. 
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The histograms for the May to October periods from 1967 to 

1971 and for the full years from 1973 to 1977 are presented 
in this report in Figures 14 to 22. Again ground level SO2 
concentrations have decreased appreciably at most locations 
since 1972, as well as the frequency of fumigations resulting 
in excessive hourly and 24-hour concentrations. This is 
evident especially for the Callum, Rayside, Skead and Garson 
stations. The Lake Penage, Morgan and Grassy Lake stations 
have experienced less pronounced reductions in the frequency 
of excessive readings after 1972. Mean concentrations at 
the latter stations have remained constant, whereas the Lake 
Penage station has experienced a marginal decrease in mean 
S0 2 levels since 1972. However SO2 levels at the St. Charles 
and Burwash stations have increased slightly in the past 
years. This is reflected by a marginal increase in the 
average concentration and also by an increase in the frequency 
of excessive hourly readings. The higher SO2 levels recorded 
at these stations since 1972 are not considered significant 

as the annual mean concentrations are well below the Provincial 
criterion of 0.02 ppm, as seen in Figures 19 and 20. Furthermore, 
the majority of fumigations recorded at these stations and 
resulting in excessive ground level concentrations, did not 
occur during the May to October period, such that the increase 
in levels is largely due to the fact that since 1973 the 
monitors are operated through the winter months when NW, N 
and NE winds are prevalent (see Figures 5 to 9) . These 
winds direct emissions from the Sudbury basin over the St. 
Charles and Burwash stations (see Figure 1) . 

Figure 24 presents a summary histogram for the data presented 
in Figures 14 to 22. During the "post 1972" period 331,530 
hours of data were collected at the 9 stations compared to 
181,663 hours before 1972. The overall average S0 2 ground 
level concentration decreased from 0.013 ppm to 0.007 ppm or 
by about 50%. In addition, excessive hourly values after 

1972 decreased from a total 2423 hours to 1300 hours, whereas 
excessive 24-hour averages decreased from 189 to 65. This 
substantial decrease in the frequency of S0 2 fumigations and 
in overall ground level concentrations in the Sudbury basin 
was realized despite a nearly two-fold increase in the 
number of monitored hours. 

The data from the Ash Street station were not included in 
this analysis since the station was commissioned in 1971 
only. The histogram for that location (Figure 25) indicates 
a noticeable decrease in the SO2 levels since 1973. In 
1971, 8,295 hours of data were collected, resulting in an 
annual average of 0.053 ppm. From 1973 to 1977, a total of 
41,833 hours were monitored with an overall average of 0.022 
ppm for the 5-year period. In 1971, 377 hours greater than 
0.25 ppm were measured, whereas 247 hours greater than 0.2 5 
ppm were measured from 1973 to 1977. In a similar fashion, 
the frequency of excessive 24-hour averages decreased from 
48 in 1971 to 17 during the "post-1972" period. 

In essence, the abatement measures undertaken after 1971 
have considerably improved the air quality in the Sudbury 
area. The frequency of fumigations both during the growing 
and non-growing seasons leading to excessive ground level 
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concentrations has decreased considerably. However as 
pointed out earlier, approximately 500 hours in excess of 
the Provincial criterion are being recorded annually in the 
Sudbury basin. Further, approximately 1.4 x 10" metric 
tons/year of SO2 gas are presently emitted from Sudbury area 
smelters. The impact of these emissions on Sudbury area 
ecosystems are currently under investigation in an indepen- 
dent study (Sudbury Environmental Study) initiated by the 
Ministry in 1974. This study is expected to be completed by 
1980. 

v) Sulphation Rates (1976-1977) : 

As in 1975, the sulphation rate survey maintained by the 
Ministry in the Sudbury area was limited to locations within 
the City of Sudbury as shown in Figures 2 and 3. Sulphation 
rate is measured by exposing small plastic plates or tubes 
(candles) coated with lead peroxide (PbC^) to the atmosphere 
for 30-day periods. The PbC>2 reacts with gaseous sulphur 
dioxide to form lead sulphate. The quantity of sulphate 
formed is analytically determined and reported as milligrams 
of sulphur trioxide (SO3) per hundred square centimetres of 
exposed Pb02 impregnated material per day (mg SO3/IOO 
cm 2 /day) • The method is normally used to detect the presence 
of sulphur dioxide, but other reactive sulphur compounds, 
such as H 2 S may also be converted to the sulphate form. In 
Sudbury, SO2 is the major reactive sulphur compound present. 
The Provincial criterion for sulphation is 0.7 mg SO3/IOO cm 2 /day. 

In Sudbury sulphation rate monitors are scattered throughout 

the city in order to supplement the data collected by continuous 

S0 2 analyzers at the Ash Street, New Sudbury and Lockerby 

stations. In 1976, the sulphation survey consisted of 12 

sites, while in February 1977 one of the stations was discontinued 

All stations exposed the small plastic plates with the 

exception of the Lisgar Street and Ash Street sites at which 

the conversion from candles to plates was undertaken in July 

1977. The data for 1976 and 1977 are presented in Table 8 

and 9 respectively. During 1976, the criterion was marginally 

exceeded once in February (Southview Drive) and once in 

April (Auger Avenue) whereas in June, the criterion was 

exceeded at every site except Ash Street and Lisgar Street. 

In all, the criterion was exceeded on 11 occasions during 

1976. The maximum recorded sulphation rate was 1.08 mg 

SCU/lOO cm 2 /day at the Auger Avenue site in June. This site 

is approximately 1.5 km from the New Sudbury SO2 monitoring 

station. In June, the New Sudbury station recorded its 

maximum monthly average for 1976. The rates were marginally 

higher at Cedar Street, Southview Drive and Auger Avenue 

sites in 1976 than at the remaining stations. Except for 

June, the rates were generally lower during the summer 

months. For the remainder of the year the average monthly 

rates varied from 0.37 to 0.51 mg SO3/IOO cm 2 /day. The 

overall average for 1976 was 0.44 mg SO3/IOO cm^/day. 

In 1977 the criterion was exceeded on 16 occasions. The 
majority of the excessive values were measured on Oliver 
Street in Copper Cliff and on Laforest Avenue in Sudbury. 
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Three values over 1.0 mg SO3/IOO cm 2 /day were recorded 
during the year, with a maximum value of 1.39 mg SO3/IOO cm /day 
at the Oliver Street site. The rates were higher at the 
Oliver Street, Laforest Avenue, Lisgar Street and Auger 
Avenue sites in 1977. The highest monthly averages were 
recorded in June, July and December. The overall average 
for 1977 was marginally higher than for 1976 with a value of 
0.50 mg SO3/IOO cm 2 /day. 

The annual mean sulphation rates and the frequency of excessive 
values from 1971 to 1977 are presented in Table 10. The 
mean rates generally decreased at all locations after 1972, 
in agreement with continuous SO2 data collected in the 
Sudbury area and discussed earlier. The 1976 and 1977 means 
at most locations were higher than the 1974, 1975 means when 
the lowest frequency of excessive readings were recorded 
with 5 in 1974 and 2 in 1975. In 1976 and 1977 the number 
of excessive readings were comparable to those recorded in 
1973. 

Ill AMBIENT AIR MONITORING OF PARTICULATES : 

In 1976 and 1977 the levels of airborne particulate matter 
were monitored on a regular basis in the city of Sudbury, as 
well as in Copper Cliff, Falconbridge and Coniston. As in 
previous years, the sampling methodologies used were as 
follows: high volume air sampling, dustfall collection and 
coefficient of haze (COH) or soiling index measurements. 

i) High Volume Sampling : 

This sampling method determines the mass concentration 
(micrograms/meter 3 ) of suspended airborne particulates by 
drawing a large air volume over a preweighed filter medium. 
Standard operation of the sampler involves air flow rates 
between 40~ and 60 cfm and the use of Gelman A glass fiber 
filters. Normally, a sample is collected over a 24-hour 
interval every sixth day. In addition to the determination of 
the mass concentration (ug/m 3 ) of particulates at these 
locations, the filters were analyzed for Fe, Cu and Ni . 
Some of the filters were also analyzed for Pb, As, 
Zn and for sulphates (SO4) and nitrates (N0 3 ) . Elemental 
analysis of the particulates collected by the filter medium 
is performed using colourimetric and atomic absorption 
techniques, after suitable acid extractions of the filters. 

In 1976 and 1977, high volume air samplers were operated at 
Ash Street and Lisgar Street in Sudbury and in Coniston, 
Falconbridge and Copper Cliff (see Figures 1 and 3) . The 
Falconbridge and Copper Cliff samplers were installed in the 
summer of 1976. The Coniston sampler was operational from 
January, 1975 to the early part of 1977 when it was removed. 

a) Total Suspended Particulates (TSP) : 

A summary of the 1976 and 1977 total suspended particulate 
data collected at the above locations is presented in Table 
11. At the Ash Street and Lisgar Street locations in the 
city of Sudbury, the levels of particulates were fairly low 
with annual geometric means ranging from 33 to 47 ug/m 3 . 
In both years, none of the 208 samples collected exceeded 
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the Provincial 24-hour criterion of 120 ug/m 3 . The levels 
at the Lisgar Street location were on average higher than at 
Ash Street. This is largely a reflection of greater urban 
traffic activity near the downtown Lisgar Street station. 
During the past 6 or 7 years the levels of suspended particulates 
at both locations have been decreasing steadily as shown in 
Figures 26 and 27. Based on data for the past 3 years, 
annual geometric means at the Ash Street station appear to 
be levelling off at about 33 ug/m3 , whereas those at the 
downtown station are still decreasing but at a much slower 
rate than in previous years. This downward trend in the 
levels of suspended particulates since the early 1970' s has 
been observed in numerous major urban centers across the 
Province and is believed to result from industrial and 
municipal dust abatement programs. 

In 1976 suspended particulate levels at the Coniston station 
were between those measured at Ash Street and Lisgar Street 
with a geometric mean of 40 ug/m 3 . Three of the 55 samples 
collected exceeded the criterion, with a maximum value of 
192 ug/m 3 for the filter exposed on September 3, 1976. On 
that day the winds were southerly at about 35 km/hr. The 
concentration of Fe, Cu and Ni were low, such that this 
elevated loading likely resulted from windblown soil from 
the area south of Coniston. Similar meteorological conditions 
and low levels of heavy metals were also observed for the 
other excessive loadings such that smelter emissions are not 
believed to have been responsible for these elevated particulate 
concentrations. The suspended particulate monitoring survey 
at this location was discontinued in February 1977, such 
that only 6 samples were collected during that year. 

Suspended particulate concentrations were generally higher 
at the Copper Cliff and Falconbridge stations, although the 
levels for both years were within the annual criterion. At 
the Copper Cliff site (Nickel Street pumping station) 2 of 
the 64 samples collected in 1976-1977 exceeded 120 ug/m3 . 
Particulate mass concentrations on these occasions were 142 
and 306 ug/m 3 . Both samples had elevated levels of Ni , Cu 
and Fe, implicating particulate emissions from Inco Metals 
operations. At the Falconbridge location (Post Office 
building) , levels of suspended particulates were higher than 
at Copper Cliff and marginally lower than the annual criterion. 
From the 50 filters exposed in 1976-1977, 5 samples exceeded 
120 ug/m 3 . On 2 occasions, mass loadings much higher than 
the criterion were obtained: on September 3, 1976, a mass 
concentration of 604 ug/m 3 was recorded, whereas on May 1, 
1977 the filter loading was 816 ug/m 3 . In both instances, 
the surface winds were southerly and quite strong averaging 
30 km/hr, with gusts up to 50 km/hr. The levels of Ni , Cu 
and Fe on the filters were low. Hence these excessive 
loadings are believed to have resulted from windblown silica- 
type dust from the surface of barren, sandy soil in the area 
south of the town of Falconbridge. This is substantiated by 
the high concentrations also recorded at the Coniston station 
on September 3, 1976. 
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b) Elemental Analysis : 

The results of elemental analysis performed on these filters 
are presented in Table 12. The values for Zn were not 
included as most of the levels obtained were close to or 
below the limit of detection of the measuring technique used 
(atomic absorption) . For all sampling locations the concentrations 
of Fe, Cu and Ni were related as follows: Fe greater than Cu 
greater than Ni . The levels of these elements were generally 
higher at the Copper Cliff and Falconbridge stations. The 
Lisgar Street station recorded higher Pb levels owing to its 
downtown location and the impact of Pb emissions from automobiles. 
The levels of Cu were well within the Provincial criterion 
of 50 ug/m 3 at all stations. However the criterion for Ni 
of 2.0 ug/m 3 was exceeded on one occasion in Falconbridge 
with a value of 3.4 ug/m 3 , and also on one occasion in 
Copper Cliff with a concentration of 2.2 ug/m3. 

The excessive nickel concentration (3.4 ug/m 3 ) at the 
Falconbridge site was obtained on February 24, 1977. The 
total particulate loading for that sample was 102 ug/m 3 , 
whereas the concentrations of Cu and Fe were 3.7 and 27.2 
ug/m 3 respectively. Meteorological data for that day from 
the Sudbury airport weather office indicated prevailing 
easterly winds with an average speed of 28 km/hr. In addition, 
the temperature was mild with a high of +3°C. The weather 
office recorded 0.7 cm of rain and 2 cm of snow. Figure 4 
shows the location of the high volume air sampler with 
respect to the Falconbridge Nickel Mines smelter and tailings 
area. The meteorological conditions and the snow cover on 
the ground virtually eliminate the possibility of airborne 
dust from the tailings pile as a result of the strong winds. 
Consequently the elevated metal concentrations measured on 
that day likely resulted from Falconbridge Nickel Mines 
smelter emissions. 

The excessive nickel value (2.2 ug/m 3 ) at the Copper Cliff 
station was obtained on September 15, 1976. The total 
particulate loading on the filter was 63 ug/m 3 , whereas the 
concentrations of Cu and Fe were 3.7 and 4.0 ug/m 3 respectively. 
Low level winds (CKNC tower) on that day were northeasterly, 
averaging 22 km/hr. The airport weather office recorded 2 
cm of rain on the previous day. Figure 2 shows the location 
of the air sampler in relation to the Inco Metals smelter 
complex and the slag pile. The relatively low dust levels 
and the wetness of the slag pile suggest that particulate 
contributions from the pile were minimal. The ratio Cu/Ni 
= 1.6 for the sample is in reasonable agreement with estimated 
emission ratios (see table below) from the smelter superstack. 
In addition, the concentration of Ni obtained with the Ash 
Street sampler upwind of the Copper Cliff complex (site 1 in 
Figure 2) on the same day was 0.04 ug/m 3 . Consequently, the 
source (s) of high Ni concentrations in air were mainly attributed 
to low level emissions from the smelter complex. 

There is no 24-hour criterion for the mass concentration of 
Fe in air. Values of Fe as high as 27 and 57 ug/m 3 were 
recorded at the Copper Cliff and Falconbridge stations. The 
latter value was associated with the elevated loadings 
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reported earlier resulting from windblown soil material. 
The criterion for Pb of 5.0 ug/m 3 was reached once at the 
Lisgar Street station in 1977. Consequently the levels of 
these elements on hivol filters in 1976 and 1977 were low 
and within the criteria, except for Ni concentrations which, 
on occasion were found to be elevated at locations close to 
the Copper Cliff and Falconbridge smelters. 

Estimates (4) of Sudbury basin heavy metal emissions based 
on best available mass balance and stack testing data indicate 
that Fe, Ni and Cu are emitted in the following proportions 
from the respective sources: 

Fe/Cu 



SOURCE Fe/Ni Cu/Ni 

Inco Metals 4.2 1.2 

Smelter Superstack 

Inco Metals Iron 3.6 1-2 

Ore Recovery 
Plant Stack 

Falconbridge Nickel 0.65 0.74 

Mines Smelter 

Stacks 

Hi-vol data collected during 1976 and 1977 show considerable 
variability in the ratios of these elements as shown in the 
following table: 



3.5 



3.0 



0.88 



RATIO OF GEOMETRIC MEANS 



STATION 
Ash Street 

Lisgar Street 

Coniston 
Copper Cliff 
Falconbridge 



YEAR 

1976 
1977 

1976 
1977 

1976 

1977 

1977 



Fe/Ni 


Cu/Ni 


Fe/Cu 


9.3 


3.6 


2.6 


6.7 


3.3 


2.0 


14.6 


3.1 


4.7 


15.0 


6.2 


2.4 


21.4 


7.1 


3.0 


13.5 


4.7 


2.9 


15.5 


3.0 


4.7 



In general the ratios obtained from hi-vol measurements 
differed considerably from those computed from estimated 
emissions data. This was especially evident for the Fe/Ni 
ratios which were considerably higher than that expected 
from emissions data. This suggests considerable contributions 
to the levels of Fe from natural sources. In addition, the 
levels of Cu (in relation to Fe and Ni) were also observed 
to be higher than expected from emissions data alone. This 
may be the result of instrument self -contamination. Anomalously 
high Cu values have been reported (5) to result from the 
removal of Cu from the commutator of the hi-vol motor into 
the air stream due to arcing of the brushes and recirculation 
through the filter. However the extent of contamination (if 
any) has yet to be investigated and quantified. 
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The Fe, Cu and Ni hi-vol data collected at the Ash Street 
station in 1976 and 1977 were further analyzed in order to 
investigate possible correlations with S0 2 concentrations 
measured at the station when the hi-vol sampler was operating. 
For each 24-hour average metal concentration, the maximum 1- 
hour average SO2 concentration recorded during the 24-hour 
period was determined. The maximum hourly SO2 concentration 
was felt to be a good indicator of smelter plume impingement 
at the station. Regression analysis of the data, illustrated 
in Figures 28, 29 and 30, gave reasonable correlations of Cu 
and Ni values with maximum 1-hour S0 2 concentrations. On 
the other hand, a very poor correlation for the levels of Fe 
was obtained. This is an indication that Cu and Ni particulate 
aerosols at Ash Street are usually associated with smelter 
emissions, whereas Fe aerosols appear to originate from 
numerous sources (smelter emissions, airborne tailings and 
slag material, road dust, etc.). In addition, the majority 
of the maximum 1-hour SO2 concentrations occurred during 
morning, evening and nightime hours. Consequently contributions 
of low level emissions from the Copper Cliff complex and from 
the Iron Ore Plant to the levels of Cu and Ni measured at 
Ash Street could be significant. This, in part, could be 
responsible for the discrepancy noted in the Fe/Ni , Cu/Ni 
and Fe/Cu ratios for hi-vol data from those expected from 
stack emissions data. 

c) Sulphate and Nitrate Analysis : 

Some of the hi-vol filters exposed at Ash Street during 1976 
and 1977 were also analyzed for total sulphates (SO4) and 
nitrates (NO3) . The soluble SO4 and NO3 were extracted 
from the filters with distilled water. The extracts were 
then analyzed for SOJ and NO3 using the Technicon auto- 
analyzer methods. The following table summarizes the data 
collected during 1976 and 1977: 



YEAR 



NO. OF SAMPLES 



Max. 24-hr. value 
(ug/m-3) 



Geometric Mean 
(ug/m^) 



SO, 



NO 



SO, 



NO- 



SO, 



NO 



1976 


19 


21 


13.6 


9.5 


1977 


18 


18 


18.8 


4.0 



4.6 

7.5 



1.1 

0.6 



For the samples collected, the levels of S07 were always 

higher than the levels of NOT • This is in agreement with 

data collected at numerous locations throughout the Province 

in 1976 (6) . The mean sulphate levels in 1977 were higher 

than in 1976, whereas mean nitrate levels remained low in 

both years. Preliminary analysis of the available sulphate 

data showed a poor correlation (r = 0.27) with ambient SO2 

levels recorded during the hivol sampling period. However 

some of the higher SO4 levels (10 - 20 ug/m^) were obtained 

on days with appreciable S0 2 levels (hourly concentrations greater 

than 0.10 ppm) . In addition, the sulphate data showed some 
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correlation (r = 0.40) with average daily ozone (O3) levels 
recorded on the day the hi-vol was operating. In some 
instances high SOJ levels were obtained on days with elevated 
3 levels (daily means greater than 20 ppb) . The significance 
of these observations in relation to locally emitted or 
imported (long-range transport) S0 4 is being investigated 
at this time. 

ii) Soiling Index (COH) : 

Soiling index measurements (Coefficient Of Haze - COH) are 
also used to determine the amount of suspended particulates 
in the air. The method is based on the change in light 
transmittance through a paper tape before and after the 
sampling period. The optical density difference is converted 
into COH units per 1000 linear feet of air passing through 
the filter tape. Although COH measurements do not yield 
particulate mass concentrations, reasonable correlations 
with hi-vol data have been observed (7) . The main advantage 
of the COH sampler over the hi-vol air sampler resides in 
the possibility of telemetering the signal from the COH unit 
to a data acquisition center for immediate incorporation 
into an air pollution index reporting system. In Ontario . most 
soiling index monitors are used at air pollution index 
stations and the data are telemetered to a central computer 
in Toronto. 

In 1976 and 1977, soiling index levels were monitored at the 
3 air pollution index stations in the Sudbury area (Ash 
Street, New Sudbury, Coniston) and also at the Lisgar Street 
site in downtown Sudbury. At the air pollution index stations, 
the monitors determine hourly soiling index values, whereas 
at the Lisgar Street station, the COH sampler collects 2- 
hour samples. However, the Lisgar Street sampler is operated 
at half the flow rate of the telemetered samplers, such that 
equal air volumes are sampled in both cases. The Provincial 
criterion for soiling is 1.0 COH unit (average) for a 24- 
hour period and 0.5 COH unit (average) for a 1 year period. 

Table 13 summarizes the mean soiling levels recorded in 1976 
and 1977. On an annual basis, the levels of particulates 
were higher at the Lisgar Street station. This is in agreement 
with hi-vol data collected at the Ash Street, Lisgar Street 
and Coniston stations (see Table 11) . However, annual mean 
levels at all locations were well below the Provincial 
criterion of 0.5 COH units. The daily average levels were 
also within the criterion at all sites, except on 1 occasion 
at Coniston in 1977 when a 24-hour average value of 1 . 2 COH 
units was recorded. This episode occurred on March 12 and 
resulted in an air pollution index value of 17. On that 
day, the maximum hourly S0 2 concentration was 0.01 ppm, such 
that the particulates were not associated with a source of 
SO?. Fugitive dust emissions from sources in the vicinity 
of the station are believed to be the cause of elevated 
particulate levels on that day. 



The monthly average soiling levels during 1976 and 1977 for 
the 4 monitoring stations are presented in Table 14 . Inspection 
of the data reveals that the levels were generally higher 
during the winter and fall periods. This becomes more 
obvious when the seasonal means (for 1976 and 1977 combined) 
are computed, as shown below: 





WINTER 


SPRING 


SUMMER 


FALL 


LOCATION 


(Jan-Mar) 


(Apr- June) 


(July-Sept) 


(Oct-Dec) 


Ash Street 


.18 


.11 


.07 


.15 


Lisgar Street 


.26 


.19 


.21 


.24 


New Sudbury 


.14 


.12 


.09 


.17 


Coniston 


.24 


.08 


.08 


.19 



This seasonal variation of COH levels strongly implicates 
particulate emissions from residential and commercial heating 
sources as a major source of soiling in Sudbury during the 
heating season. In addition, dispersion of low level particulate 
emissions during the colder months is often rather poor due 
to increased stability of the air and the presence of low 
level (ground based) temperature inversions. The seasonal 
dependence is not quite as strong at the Lisgar Street 
station. As mentioned earlier, this station is located in 
downtown Sudbury and higher soiling levels measured there 
during the spring and summer months probably result from 
greater activity and traffic levels. Consequently, soiling 
levels at the air pollution index stations are usually low. 

iii) Dustfall Measurements : 

This sampling method determines the amount of settleable 
particulate material in the air and provides an indication 
of the levels of the larger dust particles in an area. The 
dustfall mass results mostly from particles in the 25 to 100 
micron diameter size range, with typical mass median diameters 
of 50 to 60 microns. The sampling technique is subject to 
considerable variability largely due to recirculation and 
loss of material by air currents. The efficiency of the 
dustfall collector is also dependent on the amount of rainfall 
during the collection period. Nevertheless, dustfall sampling 
does provide a measure of the amount of dust in an area and 
data obtained from such measurements are routinely used to 
identify dust problem areas. In addition, dustfall samples 
can also be analyzed for various elements and compounds, 
including optical microscopic identification of the type of 
particulates (e.g. coal, coke, graphite, road dust, grain 
dust, wood chips, etc.), such that a considerable amount of 
knowledge of the type and amount of dust can be gained with 
this simple sampling method. 

Dustfall collectors are constructed of thick polyethylene 
and measure about 45 cm high and 15 cm in diameter. They 
are left exposed to the atmosphere for a period of 30 days, 
and are usually secured to hydro poles with a suitable 
bracket approximately 3.6 metres above ground. The weight 
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of dustfall material collected during the exposure period is 
determined and the results are expressed in grams/metre 2 /30 
days. The Provincial criterion for total dustfall is 7.0 
gm/metre 2 /30 days. For a 12-month period, the criterion is 
4.6 gm/metre 2 /30 days. 

a) Total Dustfall : 

In 1976, a total of 24 dustfall collectors were exposed at 
various locations in and around the city of Sudbury. The 
approximate locations of the sampling sites are shown in 
Figures 2, 3 and 4. The majority of the dustfall jars 
(sites 1 to 14) were installed in 1973, whereas the jars at 
sites 15 to 23 were set out in March 1976. The jar at site 
24 (Falconbridge Hwy) was installed in June 1976. The 
expansion of the dustfall survey in 1976 resulted from a 
need to determine dustfall levels in the area southwest of 
the city of Sudbury (Kelly Lake -Industrial Road area) . 

The total dustfall levels for 1976 and 1977 are presented in 
Tables 15, 16, 17 and 18. Tables 15 and 17 contain the data 
for the sampling sites set out prior to 1976. Tables 16 and 
18 summarize the data for the stations installed in early 
1976. In 1976, excessive annual mean dustfall levels were 
recorded at the following sites: Cedar Street, Laforest 
Avenue, Tuddenham Avenue, Second Avenue, Oliver Street, 
Penman Avenue, Industrial Road East, Industrial Road West, 
Inco Metals Acid Plant, Hwy. 144 East and Falconbridge Hwy. 
The Cedar Street site is located in a busy section of downtown 
Sudbury. Dust levels measured there are reflective of dust 
emissions and entrainment from city traffic activities. The 
Laforest Avenue site is located in a residential part of 
the city. Dust levels at that location were marginally in 
excess of the annual criterion. The Tuddenham Avenue site 
is located adjacent to the Inco Metals Company slag disposal 
site. In 1976, dust levels exceeded the monthly criterion 
on 1 occasion with a value of 8.8 gm/m 2 /days . Excessive 
levels were also measured at the Second Avenue site. The 
soil in this part of the city is mostly sandy and is exposed 
at numerous locations. There are also a few gravel pits in 
the area which could contribute to higher dust levels. The 
Oliver Street jar is located in the town of Copper Cliff, 
about 1.6 km west of the Inco Metals Copper Cliff complex. 
During 1976, the monthly criterion was exceeded on 2 occasions, 
and the annual mean dust level was 5.8 gm/m 2 /30 days. The 
Penman Avenue site is located in the town of Garson, in the 
vicinity of the Inco Metals flux pit. This area is characterized 
by sandy soil which is exposed at numerous locations. The 
monthly criterion was exceeded twice in 1976 and the annual 
mean was marginally in exceedance of the acceptable value. 
The Industrial Road East and West sites recorded elevated 
levels during the summer months, implicating road dust as 
the main source of dust in that area (south and west of 
Kelly Lake) . The dustfall collector in the vicinity of the 
acid plant (close to the Inco Metals Iron Ore Recovery 
Plant) showed elevated dust loadings in March and also in 
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September. The mean for the 10-month period was 5.2 gm/m 2 /30 
days. The Hwy. 144 East site, located adjacent to the Inco 
Metals slag disposal pile recorded the highest dust levels 
of the survey in 1976, with an 8-month mean of 15.0 gm/m 2 /30 
days. This monitoring station and the Hwy. 144 West station 
(at the Inco Metals North Mine entrance road) were discontinued 
in November of 1976 due to the closure and subsequent relocation 
of Hwy. 144. Lastly, the monthly criterion was exceeded on 
4 months at the Falconbridge Hwy site during the period 
June - December 1976. This site is located approximately . 5 km 
north of the flux pit near the town of Garson. 

During 1977, excessive dust levels were encountered at the 
following sites: William Avenue, Laforest Avenue, McNaughton 
Street, Tuddenham Avenue, Second Avenue, Oliver Street, 
Penman Avenue, Industrial Road East, Inco Metals Acid Plant 
and Falconbridge Hwy. The William Avenue jar is located in 
a residential part of New Sudbury. In 1977, a major housing 
development project was undertaken in this area and could 
possibly have been the source of the higher dust levels. At 
the McNaughton Street site, the monthly criterion was exceeded 
only in September (12.3 gm/m 2 /30 days. This value resulted 
in a higher annual mean figure, marginally exceeding the 
annual criterion. This site is also in a residential area. 
The other sites with excessive dust values in 1977 also had 
excessive levels in 1976. The remainder of dustfall monitoring 
sites in the network during both 1976 and 1977 recorded low 
dust levels, except for the occasional excursion above the 
monthly criterion during the summer months. 

The annual mean dustfall levels for stations installed prior 
to 1976 are presented in Table 19. Generally, dust levels 
have been excessive at the following locations: Oliver 
Street (Copper Cliff) , Hwy. 17 West, Cedar Street, Second 
Avenue, Tuddenham Avenue, Laforest Avenue and Penman Avenue. 

b) Soluble SO ^ in Dustfall : 

The contents of the dustfall jars were analyzed for total 
soluble SOJ in 1976 and 1977 in order to determine bulk (wet 
and dry) deposition rates of soluble SO4 compounds in the 
city of Sudbury. The results are expressed in gm/m 2 /30 days 
consistent with the units used for reporting dustfall, 
and are presented in Tables 20, 21, 22 and 23. Sulphate 
values ranged from 0.1 to 5.5 gm/m 2 /30 days in 1976 and from 
0.1 to 2.9 gm/m 2 /30 days in 1977. In 1976, the highest SO4 
levels were obtained at the Hwy. 144 East (Inco Metals slag 
disposal site) , Inco Metals Acid Plant, Industrial Road East 
and West, Laforest Avenue and Tuddenham Avenue sites. In 
1977, the highest SO3 levels were recorded at the Tuddenham 
Avenue, Hwy. 17 West, Inco Metals Acid Plant, and Oliver 
Street (Copper Cliff) monitoring locations. At these sites, 
annual mean soluble SOj values ranged from about 0.7 to 1.7 
gm/m 2 /30 days. The location of these sites in relation to 
the Inco Metals Copper Cliff complex (see Figures 2 and 3) 
implicates emissions from smelting and sulphur recovery 
operations as the source (s) of the higher SO= values. There 
was considerable variability in the levels or sulphates for 
locations further removed from Copper Cliff, such that no 
obvious relationship with distance from the smelter could be 
determined. However, the SO| levels in dustfall were generally 
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higher during the late spring, summer and early fall periods, 
coinciding with periods of greater incidences of ground 
level S0 2 fumigations in and around the city of Sudbury. 

IV AIR POLLUTION INDEX MEASUREMENTS : 

The origin and nature of the Air Pollution Index (A.P.I.) 
system in Ontario has been well documented in the past. The 
index is essentially an alert system for sustained periods 
of increased levels of air pollution. In Ontario it is 
based on the combined levels of sulphur dioxide and suspended 
particulates (soiling), averaged over 24-hour periods. When 
the Index reaches 32, the source (s) of these pollutants are 
notified that curtailment of their operations will occur if 
the index continues to increase. 

In 1976 and 1977, there were 3 API stations in the Sudbury 
area: at Ash Street and Kennedy Avenue (New Sudbury) in the 
city of Sudbury, and in the town of Coniston. The locations 
of these stations are presented in Figures 1 to 4 . At these 
stations, the S0 2 and soiling data are telemetered to a 
central computer at the Ministry's Air Resources Branch in 
Toronto, where the data are processed and the Index values 
computed for each hour of the day. 

Table 24 summarizes the Air Pollution Index data at these 
locations for 1976 and 1977. The advisory level of 32 was 
exceeded at the Kennedy Avenue station for 5 hours during 
1977 (June 11). The Ash Street and Coniston stations recorded 
maximum values of 28 and 29 respectively such that, except 
for the June 11th incident, the API levels in the Sudbury 
area during 1976 and 1977 were not excessive. 

The Coniston station, installed in February 1975, has not 
recorded a value over 32 since its inception (maximum value 
was 30 on May 13, 1975). The API values in the 16-31 category 
for this station were correlated with meteorological data 
from the CKNC TV tower on Frood Road in Sudbury and also 
from the Sudbury weather office located at the airport. The 
contribution of the 2 major S0 2 sources in the Sudbury area 
to API values > 16 at Coniston are as follows: 

API Values >_ 16 
YEAR INCO FALCONBRIDGE MAJOR SOURCE (% ^ 



1975 


67 


1976 


20 


1977 


30 



113 


63 


125 


86 


92 


75 



The majority of API values > 16 recorded at the Coniston 
station are attributable to emissions from the Falconbridge 
smelter. Generally, emissions from Falconbridge were recorded 
during the fall-winter periods with prevailing northerly 
winds, whereas emissions from Copper Cliff were monitored 
during the summer periods with westerly and west-southwesterly 
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winds. Consequently, the population in Coniston is exposed 
to SO2 emissions primarily from the Falconbridge smelter, at 
levels below the index advisory level. 

At the Kennedy Avenue (New Sudbury) station, the maximum 
recorded API value was 29 in 1976, and 39 in 1977. The 5 
excessive values at that station in 1977 were recorded on 
June 11 from 1300 to 1800 hrs. (EST) as a result of S0 2 
emissions from the Inco Metals 380 metre stack. During that 
fumigation, a maximum hourly average concentration of 1.19 
ppm was recorded. This was the most severe API incident 
recorded in the city of Sudbury since the introduction of 
the tall stack in 1972. API values > 16 recorded at that 
location were also correlated with meteorological data in 
order to determine the contribution from Inco Metals and 
Falconbridge Nickel Mines. The results are as follows: 

API Values > 16 



YEAR INCO FALCONBRIDGE MAJOR SOURCE (%) 



1976 271 64 81 

1977 210 20 91 

The data in the table indicate that in excess of 80% of API 
values > 16 recorded at the New Sudbury Station resulted 
from emTssions from Inco Metals. Most of these values were 
obtained during the warmer seasons with prevailing southwesterly 
winds. Falconbridge emissions were generally recorded 
during the fall-winter periods with prevailing northeasterly 
winds. 

In 1976 and 1977 the Ash Street station recorded maximum API 
values of 28 and 24 respectively. During the past 5 years, 
the index advisory level (API = 32) has been exceeded on 1 
occasion at that location. This is in contrast to the 
situation in 1971 and 1972 when the advisory level was 
exceeded on a number of occasions as shown below: 

YEAR 



1971 
1972 
1973 
1974 
1975 
1976 
1977 



NUMBER 


OF 


HOURS 


1 32 




> 50 


26 


3 


7 




1 


Nil 




Nil 


1 




Nil 


Nil 




Nil 


Nil 




Nil 


Nil 




Nil 
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This marked decrease in the frequency of occurrence of 
excessive API values at Ash Street is largely attributed to 
lower SO2 ground level concentrations resulting from the 
introduction of the Inco Metals tall stack in August 1972. 
The contributions from Inco Metals and Falconbridge Nickel 
Mines SO2 emissions to API values > 16 at Ash Street were 
also determined with correlations from CKNC-TV tower meteorolo- 
gical data. The results are summarized below: 

API Values > 16 



YEAR INCO FALCONBRIDGE MAJOR SOURCE (%) 

1976 264 57 83 

1977 164 5 97 

As might be expected, by virtue of the location of the moni- 
toring station close to the Copper Cliff complex, the majority 
of the higher API values resulted from Inco Metals emissions. 
Contributions from Falconbridge generally occurred during 
the seasons with prevailing northeasterly winds. 

On average, the highest API values in 1976 and 1977 were 
recorded at the New Sudbury station. The percentage frequency 
of the API values > 16 recorded at the 3 stations was also 
highest at that station: 

STATION % OF API VALUES 16 



Ash Street 33 

New Sudbury 44 

Coniston 23 

Consequently, the installation of an API station in the New 
Sudbury area has proven to be beneficial. The station seems 
to be suitably located in order to monitor effectively 
emissions from both Inco Metals and Falconbridge Nickel 
Mines . 

V CONTINUOUS AIR MONITORING PROGRAM (C.A.M.P.) : 

Concentrations of gaseous air pollutants typically found in 
appreciable levels in the atmosphere of urban centres are 
measured on a regular basis at the Ash Street (C.A.M.P.) 
station in the city of Sudbury (Figures 2 and 3, Site 1) . 
These include carbon monoxide, hydrocarbons (total) , the 
oxides of nitrogen (NO, NO2) and ozone (0 3 ) . Data collected 
at that location prior to 1976 have been reported in an 
earlier Ministry report (1) . The data available at that 
time indicated that the levels of these pollutants were 
generally quite low and well within the Provincial criteria 
for acceptable air quality. The only pollutant found to 
exceed the criteria was ozone, with a total of 15 excessive 
hours from a data base of 9456 hours of monitoring. 
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i) Carbon Monoxide : 

Carbon monoxide (CO) is a colorless, odorless and tasteless 
gas slightly lighter than air. It is considered a dangerous 
asphyxiant because it combines strongly with the hemoglobin 
of the blood and reduces its ability to carry oxygen to cell 
tissues. Carbon monoxide is a product of incomplete combus- 
tion of carbon and its compounds. The automobile is by far 
the largest single emission source. Fuel combustion (e.g. 
coal, fuel oil, natural gas, wood) in stationary sources 
accounts for only a very small percentage of nationwide 
estimates of CO emissions (8) . 

At the Ash Street station, carbon monoxide concentrations 

are measured with a Bendix 8501-5CA analyzer. The principle 

of measurement is based on carbon monoxide having a characteristic 

absorption band in the infrared region of the spectrum. The 

instrument is operated 24 hours a day, 7 days a week and 

monitors on a scale of to 50 ppm. The data are reported 

as hourly averages. The Province of Ontario has set desirable 

ambient air quality criteria of 30 ppm (36,200 ug/m 3 ) for a 

1-hour period, and 13 ppm (15,700 ug/m 3 ) for an 8-hour 

sampling period. 

The following table summarizes the annual average concentration, 
the maximum 1-hour and 8-hour average concentrations and the 
frequency of excessive readings for 1976 and 1977 for CO: 

YEAR ANNUAL MAX. 1-Hr. MAX. 8-Hr. NO. OF READINGS 

AVERAGE AVERAGE AVERAGE EXCEEDING CRITERIA 

(ppm) (ppm) (ppm) 1-Hr 8-Hr 



1976 1.0 8 4 Nil Nil 

1977 0.8 10 6 Nil Nil 

As in previous years (i.e. since 1972 when the CO analyzer 
was installed) , ambient levels of CO at Ash Street during 
1976 and 1977 were quite low and well within criteria limits. 
Since 1972, maximum recorded 1-hour and 8-hour averages have 
been 12 ppm and 10 ppm respectively, both recorded in 1972. 
Consequently the criteria for CO have not been exceeded at 
Ash Street since the installation of the analyzer in 1972. 

The group frequency classification for the 1976 and 1977 
CO readings is as follows: 

Days of Total No. Frequency (No. of hours) 
Year Valid Data of Readings 0-1 2-3 4-8 9-13 >_14ppm 

1976 321 7672 6877 748 47 

1977 338 8114 7399 644 69 2 
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As in previous years, over 90% of the hourly readings were 
in the to 1 ppm range such that the annual averages are 
mostly a reflection of the readings in that category. 

Inspection of the data collected since 1972 for hourly 
averages ^4.0 ppm indicated that the majority of these 
values were recorded during the fall and winter months 
between the time periods 0700 to 1200 hours and 1900 to 2400 
hours (EST) . In addition these CO concentrations were 
recorded during periods with light winds ( < 8 km/hr) coming 
from the NE, E, SE and S. These observations in conjunction 
with knowledge of the station location (Figures 2 and 3) 
indicate that the highest CO concentrations at the Ash 
Street station are obtained from air masses coming from the 
city of Sudbury during calm and stable meteorological conditions 
when dispersion conditions are poor. 

The levels of carbon monoxide measured at the Ash Street 
station are not believed to be representative of downtown 
conditions. The location of this station for carbon monoxide 
monitoring categorizes it as a "neighborhood-scale" station, 
and as such CO levels measured at Ash Street are felt to be 
representative of concentrations found in residential areas 
of the city. 

ii) Hydrocarbons (Total) : 

The gaseous compounds of carbon found in natural and polluted 
atmospheres comprise a broad spectrum of the compounds of 
organic chemistry. Because of the bonding characteristics 
of carbon with itself and with numerous other elements, an 
almost infinite number of compounds are possible. Transpor- 
tation is by far the principal emitting source, followed by 
industrial process losses and fuel combustion in stationary 
sources, when only anthropogenic sources are considered (9) . 
Natural sources include forest fires (or agricultural burning) , 
marsh gas and plant volatiles emitted through biological 
processes . 

Hydrocarbon compounds in air are of concern primarily because 
of their photochemical activity in the presence of sunlight 
and nitrogen oxides. They react to form photochemical oxi- 
dants of which the predominant one is ozone. Because of the 
low photochemical activity of methane, hydrocarbon concentra- 
tions are often measured separately as methane and non- 
methane hydrocarbons . 

At the Ash Street station in Sudbury, gaseous hydrocarbon 
compounds are monitored with a Beckman model 108A analyzer. 
This instrument uses the f lame-ionization method of detection 
and as such measures any hydrocarbon compound that reacts to 
form ions in a hydrogen flame. The instrument range is to 
20 ppm. Hence the data collected at Ash Street provides 
only the total amount of hydrocarbons in air without any 
information as to the nature (e.g. methane vs non-methane 
fractions) of the compounds. At the present time, the 
Province of Ontario has no established criteria for total 
hydrocarbons in ambient air. The data collected at the 
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Ash Street station are regarded as providing primarily a 
historical data base from which trend analyses may be performed. 

The table below provides a brief summary of average hydrocarbon 
(total) concentrations measured at Ash Street during 1976 
and 1977: 



Year 


Max. 1-Hr. 
Avg. (ppm) 

19.1 (Aug.) 

7.5 (May) 


Max. 24-Hr. 
Avg. (ppm) 

14.1 (Aug.) 

3.7 (Dec.) 


Annual Average 
(ppm) 


1976 
1977 


2.5 
2.2 



These values are similar to those reported earlier (1) for 
the period 1972 to 1975. The maximum 24-hour average of 
14.1 ppm (the highest ever measured at the Ash Street Station 
recorded in 1976 resulted from an episode that occurred on 
August 22. On that day, the hydrocarbon monitor recorded 
off-scale concentrations (greater than 20 ppm) during 11 
consecutive hours. During the first half of the fumigation 
(from 0100 to 1400 hrs EST) the wind was blowing from WSW at 
an average velocity of about 20 km/hr. From 1500 to 2400 
hrs (EST) , the wind was blowing from NNE at approximately 25 
km/hr. The levels of other pollutants (e.g. S02* soiling 
index, NO, NO2 , CO) were all very low throughout the day. 
Investigations by Sudbury district industrial abatement 
staff revealed no reported natural gas or propane leaks in 
the city during that period. In addition Inco Metals did 
not report losses on that day. Consequently, the source of 
this extensive hydrocarbon fumigation remains undetermined. 

Since 1972, annual average levels of hydrocarbons at Ash 
Street have remained fairly constant with somewhat higher 
values recorded in 1975 and 1976: 

Year Annual Average (ppm) 

1972 1.8 

1973 1.9 

1974 1.8 

1975 2.9 

1976 2.5 

1977 2.2 

As in previous years, the majority of the readings collected 
in 1976 and 1977 were in the to 3.0 ppm range as shown 
below: 



YEAR 


Days of 
Valid Data 


0-3.0 


3.1-6.0 


6.1-14.0 


>14.1 ppm 


1976 


302 


6302 


756 


233 


17 


1977 


320 


7440 


411 


3 






The frequency of higher values was greater in 1976 than in 
1977, and this is reflected in the higher average of 1976. 
Patterns for the seasonal and diurnal variations in the 
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levels of hydrocarbons at Ash Street for 1976 and 1977 were 
not obvious. The level of hydrocarbons remained fairly 
constant at approximately 2.2 ppm throughout a typical day. 
During 1976 and 1977, the average monthly concentrations 
varied throughout the year. 

The higher (> 9.0 ppm) readings recorded in 1976 were measured 
mostly during January, February, August, September and 
October. The majority of these readings were obtained when 
the wind was generally less than 16 km/hr and blowing from 
0-90° and 180° - 270° quadrants: 

QUADRANT (degrees) PERCENTAGE OF READINGS > 9.0 ppm 
0-90 46 

91 - 180 6 

181 - 270 33 

271 - 360 15 

The few readings in 1977 in excess of 5.0 ppm were recorded 
with winds blowing from the 271° - 360° quadrant. These 
findings, at first sight, appear to implicate emissions 
primarily from vehicular traffic in the city of Sudbury and 
industrial losses from Inco operations in and around Copper 
Cliff. However, other possible sources such as gas leaks 
from natural gas and propane suppliers in the city of Sudbury 
cannot be discounted. 

Other sources of hydrocarbons which have to be considered 
are forest fires. In both 1975 and 1976, the Sudbury district 
experienced a record number of forest fires due to abnormally 
dry fire seasons. The frequency of hourly hydrocarbon 
concentrations in excess of 2.0 ppm were greatest during the 
April to September period of 1975 and 1976, lending support 
to this conjecture. 

In summary, the levels of hydrocarbons (total) measured at 
Ash Street were generally low. Variations in concentrations 
normally associated with vehicular traffic in urban centres 
were not easily discernible such that it is difficult to 
identify transportation sources from other sources. An 
added complexity stems from the inability of the monitoring 
technique to separate methane and non-methane fractions. 

iii) Oxides of Nitrogen : 

The oxides of nitrogen (NO x ) found in appreciable concentrations 
in ambient air consist of nitric oxide (NO) and nitrogen 
dioxide (N0 2 ) • Nitric oxide is a colorless, odorless and 
tasteless gas. As a pollutant, it is produced largely by 
fuel combustion in both stationary and mobile sources such 
as the automobile. In air, it is oxidized rapidly by atmospheric 
ozone and photochemical processes and more slowly by oxygen 
to form nitrogen dioxide. 
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Nitrogen dioxide is a reddish-brown gas with a pungent odor. 
It results primarily from the oxidation of NO in polluted 
atmospheres through photochemical reactions . NO2 serves as 
an energy trap by absorbing sunlight to form nitric oxide 
and atomic oxygen: 



N0 2 + hv 



NO + 



The atomic oxygen is very reactive forming ozone with oxygen 
and initiating a number of secondary photochemical chain 
reactions involving reactive (non-methane) hydrocarbon 
compounds. The Province of Ontario has set ambient air 
quality criteria for N0 2 only. The 1-hour and 24-hour 
criteria are 0.20 ppm (400 ug/n\3) and 0.10 ppm (200 ug/m 3 ) 
respectively. 

The method of detection used at the Ash Street station for 
NO and N0 2 , based on the chemiluminescent reaction of nitric 
oxide and ozone, has been described in detail in an earlier 
report (1) together with data collected prior to 1976. At 
Ash Street a TECO model 14B chemiluminescent analyzer is 
used with a range of to 1.0 ppm. 

The following table summarizes the average concentrations of 
NO x (NO + N0 2 ) t NO and N0 2 recorded in Sudbury during 1976 
and 1977: 



Max. 1-hr. 
Avg. (ppm) 



Max. 24-hr. 
Avg. (ppm) 



Annual Average 
(ppm) 



Pollutant 



1976 



1977 



1976 



1977 



1976 



1977 



NO, 



NO- 



0.51 0.95 
0.45 0.95 
0.07 0.08 



0.12 0.14 
0.09 0.11 
0.03 0.05 



.018 .024 
.010 .011 
.008 .013 



Generally, the average levels of NO and N0 2 were fairly 
similar and both quite low, except during episodic incidents 
as described below. The levels of N0 2 were very much lower 
than the criteria, as was also observed for pre-1976 data 
(1) . A summary of the group frequency classification is 
presented in Table 25. The majority (well over 90%) of the 
hourly readings were less than 0.05 ppm. For NO2, only 1 
hour in 1976 exceeded that value, whereas in 1977, 17 hours 
had averages in excess of 0.05 ppm. This indicates that the 
higher NO values recorded at the Ash Street station resulted 
almost exclusively from higher NO values. Inspection of the 
N0 X events recorded during 1976 and 1977 revealed that in 
all cases, the NO values comprised from 85% to 95% of the NO x 
values, such that formation of N0 2 from NO was minimal. 
Figure 31 shows a typical NO x episode. It is observed that 
the levels of NO follow closely the levels of NO x and that 
the levels of N0 2 remain low and essentially constant. 

The average monthly levels of NO and N0 2 in both 1976 and 
1977 were higher during the colder months as shown in Figures 
32 and 33. Regression analysis of the data indicates a 
strong dependence of the monthly average NO x levels on the 
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number of heating degree-days with correlation coefficients 
of 94 and 0.90 for 1976 and 1977 respectively (see Figures 
34 and 35). In addition, the majority of the more elevated 
NO and N0 2 readings were recorded during late evening and 
early morning hours with light winds (generally less than 
9 km/hr) blowing from the NE, E, SW and S. 

The data were also analyzed for the diurnal variation of NO 
and N0 2 . The mean hourly readings for these pollutants were 
found to be marginally higher during the late evening and 
early morning hours for the periods September to December 
and January to April. The levels of NO and N0 2 were observed 
to remain constant with time of day for the May to August 
period . 

Consequently there is ample evidence to support that NO* 
concentrations measured at the Ash Street station in Sudbury 
during 1976 and 1977 resulted primarily from emissions from 
fuel combustion in stationary sources during the colder 
seasons when fuel consumption for heating purposes is greatest. 
There is very little evidence of contributions to the NO x 
levels from motor vehicle emissions. Summertime morning 
peaks in NO and N0 2 concentrations, typical of photochemical 
reactions involving reactive hydrocarbons, NO and N0 2 and 
resulting in the formation of oxidants, were not observed at 
the Ash Street station during the summer of 1976 and 19 1 / . 

iv) Ozone : 

Ozone (Oo) is a bluish gas with a distinct odor, slightly 
denser tnan air and highly reactive. It is formed at high 
altitudes by photochemical reactions involving molecular and 
atomic oxygen. Its concentration in the atmosphere depends 
upon the altitude, being greatest in the stratosphere. At 
the earth's surface, ozone and other oxidants are formed in 
polluted atmospheres as a result of a wide variety of photochemical 
reactions involving reactive hydrocarbons and the oxides of 
nitrogen. Its concentration in rural areas unaffected by 
pollution sources is approximately 20 ppb (10) . 

At the Ash Street station, the levels of 3 have been monitored 
since October 1974. During 1976, extensive problems were 
encountered with the operation of the ozone monitor and as a 
result, less than one month of valid data ^ere c °llected 
during that year. In February of 1977, a Bendix Model 8002 
ozone 9 analyzer was installed at the station This analyzer 
utilizes the principle of photometric detection of the 
chemiluminescence resulting from the flameless - gas phase 
reaction of ethylene and ozone. The span of the instrument 
is to 500 ppb. The data collected prior to 1976 were 
presented and discussed in an earlier report (1). Since 
only limited data were collected during 1976, only the 1977 
data will be presented here. 

The following table briefly summarizes average 3 concentrations 
measured in 1977 and indicates the frequency of e xceed ance 
of the Provincial criterion of 80 PP b (165 ug/m3) for a 1-hour 
average . 
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Annual Avg. 
(ppb) 



Max. 1-hr. 
Avg. (ppb) 



Max. 24-hr 
Avg. (ppb) 



No. of Hours 
Above Criterion 



17.5 



116 (June) 



77 (June 



On an annual basis, the average concentration of ozone was 
approximately identical to levels found in rural areas 
removed from pollution sources. However, the Provincial 
criterion was exceeded during 18 hours and an ozone episode 
in June resulted in a 24-hour average of 77 ppb. 

The group frequency classification for all the hourly O3 
readings collected in 1977 is as follows: 

Frequency Distribution (No. of Hours) 
0-10 11-20 21-30 31-50 51-80 > 80 ppb 



Days of 
Valid Data 

321 



2521 



2836 



1356 



777 



210 



18 



Total 



7718 



The majority of the readings were in the to 50 ppb range. 
Within this range, the greatest frequency of hourly values 
was obtained for ground level concentrations in the 11 to 20 
ppb category, followed by values in the to 10 and 21 to 30 
ppb range. These data are consistent with data collected in 
1975. The percentile frequency distribution for the 1977 
data indicates that approximately 30% of the total number of 
readings exceeded 20 ppb. 

The average monthly levels of surface O3 recorded in 1977 at 
the Ash Street station are presented in Figure 36. There 
was insufficient data in January for inclusion in this 
report. From the plot, it is observed that the O3 levels 
were considerably higher during the April to July period, 
ranging from 23 ppb in July to 32 ppb in May. During the 
rest of the year, average monthly levels varied from 8 to 19 
ppb, the lowest values being recorded in November and December. 
The breakdown by seasons of the group frequency classification 
for all the hourly readings collected in 1977 is as follows: 



Season 



0-10 11-20 21-30 31-50 51-80 > 80 ppm Total 



Winter* 


276 


738 


273 


63 


1 





1351 


Spring 


171 


523 


794 


443 


169 


18 


2118 


Summer 


733 


881 


258 


267 


40 





2179 


Fall 


1341 


694 


31 


4 








2070 



7718 



*Only 12 hours of data available for January. 
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Approximately 75% of the hourly 3 values greater than 20 ppb, 
and all but 1 of the 228 readings greater than 50 ppb were 
recorded during spring and summer months (i.e. from April to 
September). In the Sudbury area, this period is characterized 
by the prevalence of southwesterly winds (see Figures 5 to 
8), higher temperatures and more intense solar radiation. 
This seasonal variation in surface 3 levels is not unexpected 
since high values (greater than 50 ppb) are usually found 
when air temperature and solar radiation are relatively high 
(11) . This largely follows from increased photochemical 
activity during the warmer months which can potentially 
result in 0-, formation with the presence of active precursors 
(NO , hydrocarbons, etc.) that have been produced locally or 
imported from other populated and industrialized areas. Yap 
and Chung (12) estimated that in the summer, vertical transport 
of stratospheric O3 to ground level produces an average 
maximum hourly reading of only 35 ppb for locations in 
southern Ontario. From their observations, it appears that 
the high (greater than 50 ppb) 3 concentrations measured in 
Sudbury in the boundary layer are not directly associated 
with stratospheric 3 , and are mainly of anthropogenic 
origin. 

The diurnal variation of ozone concentrations for all the 
1977 data collected at Ash Street is shown in Figure 37. 
Hourly maxima usually occurred around 1300 to 1400 hours 
while minimum concentrations of 3 usually occurred at 
0700 to 0800 hours. In addition a weak secondary maximum 
occurred in the early morning hours (around 0400 to 0500 
hours) . This diurnal cycle is identical to that reported 
for the 1975 data(l). The diurnal variation in ozone levels 
for April, May, June and July, which had the highest monthly 
averages during 1977, are presented in Figures 38 and 39 . 
The amplitude of the diurnal 3 cycle was greater during 
these months than during the rest of the year. Similar 
daily cycles have been reported by Chung (11) for southern 
Ontario stations. However, the amplitude of the cycles for 
these southern locations was considerably greater with 
afternoon maxima ranging from 60-80 ppb and nighttime levels 
ranging from 30-50 ppb. 

A wind direction-ozone rose diagram for O3 concentrations 
> 60 ppb recorded at Ash Street in 1977, incorporating the 
hourly O3 concentration and the mean wind direction (CKNC-TV 
tower) for the hour, was prepared and is presented in Figure 
40. The Oo levels are shown as radial increments along the 
axes. Hence a data point located at the 80 ppb level and at 
180° indicates that during that hour, an average ozone 
concentration of 80 ppb was recorded with the wind blowing 
from an average direction of 180© . From the diagram, it is 
obvious that the vast majority of these elevated readings 
were recorded with prevailing south-southwesterly winds. 
Accompanying wind speeds (at the 10 metre level from the 
CKNC-TV tower in Sudbury) were generally in excess of 16 
km/hr, and on several occasions ranged from 32 to 48 km/hr. 
In addition, 57 of the 105 readings > 60 ppb (or 54%), were 
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recorded during the time interval 1900 - 0600 hours (EST) 
when photochemical acitivity is not expected to contribute 
significantly to the formation of O3 via its precursors (N0 X , 
hydrocarbons) . Further, the levels of NO x (NO and NO2) and 
of total hydrocarbons at the monitoring station were generally 
too low to possibly contribute to the formation of 03, even 
under bright sunshine conditions. Lastly, the prevailing 
wind directions accompanying these high readings would 
position the monitoring station (Ash Street) upwind of the 
city of Sudbury, and as such discounts the possibility of 
locally emitted O3 precursors from this urban area. 

A detailed analysis of the episode recorded on June 28, 
perhaps best summarizes the occurrences of elevated 03 values 
in Sudbury during the summer of 1977. The O3 levels on that 
day are shown in Figure 41. A secondary maximum of about 70 
ppb was recorded at 0300 - 0400 hours (EST) , followed by a 
minimum (-37 ppb) at about 0700 hours, but considerably 
higher than the usual minimum ranging from 14 to 20 ppb. 
The ground level ozone concentrations then climbed steadily 
and attained the hourly criterion of 80 ppb at approximately 
1500 hours. Thereafter the 80 ppb level was exceeded during 
the following 8 hours reaching a maximum of 116 ppb at 2000 
hours. The O3 levels decreased rapidly during the last 
hours of the day, and continued this downward trend the 
following day reaching a low of 7 ppb at 1700 hours. Throughout 
this episode, strong surface winds were blowing from the 
south and from the south-southwest averaging 18 km/hr . The 
ambient temperature varied from 17°C to 26°C, averaging 21°C 
for the day. Synoptic meteorological data from the Sudbury 
airport weather office gave an average relative humidity of 
58% for the day, with a trace of precipitation and about 10 
hours of bright sunshine. The airport station pressure 
ranged from 958 to 968 millibars (mb) with an average value 
of 965 mb. In addition, NO x levels at the monitoring station 
on June 28 were < 0.03 ppm whereas total hydrocarbon values 
ranged from 1.6 to 2.0 ppm. Another Oo episode, although 
not as extensive as the one just described, occurred on May 
21 and 22. Again, warm sunny weather conditions were prevalent 
with accompanying strong south and south-southwesterly surface 
winds. In addition the levels of NO x and of total hydro- 
carbons were much too low to contribute to the high O3 values 
recorded. 

There is increasingly more evidence supporting the conjecture 
that medium-to-long-range transport of ozone is involved in 
these episodes (11,13,14). The 1973-1976 studies of Chung 
(11) on photochemical air pollution in the lower Great Lakes 
region of southern Ontario revealed that high surface O3 
concentrations were mainly the result of photochemically 
active precursors (of anthropogenic origin) which were 
transported over medium (10 to 100 km) and long distances 
(-1000 km) . Chung further observed that O3 concentrations 
increased when the ridge of a surface anticyclone was passing 
over the study region. Values in excess of 80 ppb were 
observed on the rear sides of high pressure centres. In 
turn, high O3 levels usually occurred during periods of high 
temperature with southerly and/or southwesterly airflows. 
After the passage of cold front with strong north-northwest 
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winds, 3 concentrations were observed to decrease considerably. 

A detailed examination of the surface weather data for 

Canada and the U.S. was thus undertaken for June 27, 28 and 

29 in 1977 in order to identify the weather systems over 

Ontario and the eastern states during the June 28th episode. 

On June 26, at 2400 hours, a high pressure system was centered 

over the Ohio-Pennsylvania border resulting in warm southwesterly 

airflows over most of Ontario. The northwestern section of 

the Province was under the influence of a low pressure 

system centered over Hudson Bay. At midday on June 27, high 

pressure systems covered most of the eastern states (highs 

centered over the Pennsylvania -New York State border, West 

Virginia, Georgia) again pushing warm southerly, southwesterly 

airflows over the midwest U.S. and southern and central 

Ontario. At 2400 hours, these high pressure systems over 

the eastern states had moved east and were close to the 

Atlantic coast. In the afternoon of June 27, 3 levels in 

Sudbury reached a maximum of 79 ppb, a value considerably 

higher than the usual afternoon maximum. In addition elevated 

O3 concentrations persisted throughout the night. The low 

pressure systems, now located near the Manitoba-Ontario 

border, was behind a cold front extending over all of northwestern 

Ontario. At 1200 hours on June 28 (the day of the 3 

episode) the high pressure systems had moved off the eastern 

coast over the Atlantic. However the weather in Sudbury was 

still under the influence of this system and of another high 

off the cost of Florida. The low pressure system in northwestern 

Ontario was now located near Thunder Bay, with a cold front 

extending from James Bay to the central U.S. At 2400 hours, 

the high pressure systems that had dominated the weather for 

the previous two days were well over the Atlantic ocean. 

However, Sudbury was still experiencing warm temperatures 

and southerly airflows at that time. The centre of the low 

was now over the eastern edge of Lake Michigan with the cold 

front located near the city of Sault Ste. Marie. At midday 

on June 29, Sudbury's weather was completely dominated by 

the low system. The temperature and pressure had fallen and 

the winds were now westerly. The emergence of this cold 

front in the Sudbury area was accompanied by a decline in 

the 3 levels from a high of 116 ppb at 2000 hrs on June 28 

to a low of only 7 ppb at 1700 hours on June 29. The Sudbury 

airport weather office recorded 2 mm of rainfall on June 29 

and 25 mm on June 30. O3 levels on both days remained low 

ranging from 7 to 42 ppb. This ozone episode occurred when 

high pressure systems were located in the eastern U.S. 

resulting in southerly airflows over southern and most of 

northern Ontario. Maximum O3 levels were recorded on the 

backside of the high pressure system as it was receeding 

from the Sudbury area. In addition, O3 concentrations 

declined rapidly soon after the passage of the cold front. 

Hence the meteorological conditions associated with this 

event are similar to those for 3 episodes that have occurred 

in southern Ontario and in the eastern U.S. 

At this time, it is suggested that the June 28 episode 
resulted mainly from long-range transport of O3 from southern 
Ontario and/or from the midwest or eastern states. Another 
O3 event not as extensive as the one described here, was 
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recorded in May 1977. The meteorological conditions associated 
with this event were similar to those described above. 
Hence it could be concluded that most of the elevated O3 
readings (greater than 60 ppb) recorded in the Sudbury area 
result from long-range transport. 

v) Fluoridation rates : 

The rate of fluoridation is determined by exposing calcium 
oxide (CaO) impregnated candles (analoguous to sulphation 
candles) to the ambient for 30-day periods. The calcium 
reacts with any fluoride compound that may be present, 
resulting in the formation of CaF2« The lime paper bearing 
CaF2 is then analyzed in the laboratory for determination of 
the amount of total fluorides present. Fluoridation rates 
are then determined and expressed in micrograms of total 
fluoride/100 cm 2 of limed candle surface/30 days. In Ontario 
the criteria for fluoridation is as follows: 

40 ug F/100 cm2/30 days - April 15 to October 15 
80 ug F/100 cm 2 /30 days - October 16 to April 14 
These figures are based on vegetation damage and secondary 
effects on animals via forage. 

Fluoridation rates in the city of Sudbury have been measured 
at Ash Street since 1970 and at Lisgar Street since 1972. 
Data collected prior to 1976 have been summarized in an 
earlier report (1) . The results for 1976 and 1977 are 
presented in Table 26. The fluoride levels at both locations 
were very low with annual means ranging from 3 to 9 ug F/100 
cm 2 /30 days. During the 2 years, a maximum value of 25 ug 
F/100 cm 2 /30 days was recorded at both locations such that 
all values were much below the criterion. The annual mean 
fluoridation rates, since measurements have been collected 
at these locations, are presented in Table 27. The 1976 and 
1977 means were considerably lower than those for previous 
years especially at the Ash Street site. Since 1972, mean 
fluoridation rates at both locations have been identical (13 
ug F/100 cm 2 /30 days) . Since that time, the criterion has 
been exceeded on 4 occasions at both locations. Consequently 
the levels of fluorides are generally quite low in the city 
of Sudbury and are not a cause of concern at this time. 
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APPENDIX 














- TABLE 


1 - 












DATA ACQUISITION RECORD 


ANC 


ANNUAL 


MEAN SO? 


LEVELS 






FOR 


MONITORING 


STATIONS IN 


THE 


SUDBURY AREA DURING 
NO. OF READINGS 


1976 AND 1977 
AVERAGE CONC 






PERCENT VALID DATA 


.(ppm) 


STATION 




1976 


1977 






1976 


1977 




1976 


1977 


Lake Penage 




98 


99 






8623 


8663 




.005 


.003 


Burwash 




98 


95 






8614 


8339 




.008 


.006 


Cal lum 




96 


99 






8447 


8655 




.009 


.009 


Skead 




97 


97 






8494 


8531 




.021 


.017 


Hanmer 




96 


95 






8478 


8320 




.016 


.011 


Rayside 




99 


99 






8689 


8642 




.007 


.006 


* 
Garson(old) 




86 


— 






3768 






.008 




Garson(new) 




87 


94 






4458 


8275 




.014 


.013 


Ash Street 




95 


97 






8353 


8482 




.019 


.015 


Morgan 




98 


98 






8607 


8615 




.005 


.005 


St. Charles 




99 


99 






8697 


8679 




.005 


.004 


Coniston 




96 


97 






8434 


8519 




.017 


.015 


Lockerby 




85 


92 






7484 


8045 




.009 


.008 


New Sudbury 




90 


96 






7894 


8442 




.021 


.023 


Verner 




90 


98 






7872 


8593 




.006 


.006 


Grassy Lake 




84 


87 






3743 


3854 




.007 


.007 


Chiniguchi L 


ake 


69 


74 






3067 


3255 




.009 


.009 


Lake Temagami 


84 


81 






3705 


3594 




.004 


.004 








1 


"OTAL 


S 


127.427 


129,503 


MEAN 


.010 


.009 



to 



Relocated to new location on June 11, 1976 
"Operated from May to October only 



- TABLE 2 - 



MAXIMUM MEAN SO2 CONCENTRATION AND FREQUENCY OF EXCEEDANCE 
OF PROVINCIAL CRITERIA IN THE SUDBURY AREA DURING 1976 AND 1977 



1 Hr. Max. 
Conc.(ppm) 



1976 



1977 



STATION 

Lake Penage 

Burwash 

Callum 

Skead 

Hanmer 

Rays i de 

Garson(old) 

Gars on (new) 

Ash Street 

Morgan 

St. Charles 

Coniston 

Lockerby 

New Sudbury 

Verner 

Grassy Lake 

Chiniguchi Lake 

Lake Tema garni 



Relocated to new location on June 11, 1976 
Operated from May to October only 



0.47 


0.71 


0.50 


0.56 


0.67 


0.59 


1.72 


1.32 


0.74 


0.94 


0.65 


1.31 


0.55 
0.97 




0.87 


0.69 


0.72 


0.86 


1.45 


0.78 


0.26 


0.61 


0.70 


0.97 


0.83 


0.96 


1.19 


0.69 


0.22 


0.33 


0.23 


0.39 


0.52 


0.26 


0.14 



24 Hr 


. Max. 


Cone. 


(ppm) 


1976 


1977 


0.08 


0.09 


0.07 


0.05 


0.07 


0.06 


0.36 


0.34 


0.14 


0.18 


0.08 


0.12 


0.06 






0.10 


0.13 


0.14 


0.08 


0.07 


0.15 


0.10 


0.03 


0.14 


0.13 


0.09 


0.14 


0.15 


0.15 


0.07 


0.04 


0.05 


0.04 


0.06 


0.07 


0.05 


0.03 



No. of Times Above Provincial Criteria 



** 



1 Hr. 



24 Hr. 



TOTALS 



1976 


1977 


1976 


1977 


8 


12 


NIL 


NIL 


16 


8 


NIL 


NIL 


16 


13 


NIL 


NIL 


154 


161 


14 


9 


37 


62 


1 


3 


17 


21 


NIL 


2 


15 


— 


NIL 


— 


39 


57 


NIL 


3 


47 


25 


1 


NIL 


16 


12 


NIL 


1 


8 


1 


NIL 


NIL 


52 


55 


1 


1 


32 


19 


NIL 


2 


60 


50 


4 


2 


1 


NIL 


NIL 


NIL 


4 


NIL 


NIL 


NIL 


3 


3 


NIL 


NIL 


1 


NIL 


NIL 


NIL 


526 


499 


21 


23 



•* 



Provincial Criteria for S02 

1 Hr. Avg. = 0.25ppm 
24 Hr. Avg. = O.lOppm 



UJ 



- TABLE 3 - 



TOTAL NUMBER OF HOURS > 0.25 ppm 
RECORDED IN THE SUDBURY AREA FROM 1971 TO 1977 



STATION 


1971 


1972 


1973 


1974 


1975 


1976 


1977 


Total 


Lake Penage 


28 


18 


8 


16 


11 


8 


12 


101 


Burwash 


12 


3 


3 


46 


41 


16 


8 


129 


Cal lum 


38 


12 


13 


40 


26 


16 


13 


158 


Skead 


242 


97 


40 


163 


86 


154 


161 


943 


Hanmer 


— 


— 


5 


60 


51 


37 


62 


215 


Rays i de 


45 


22 


27 


21 


21 


17 


21 


174 


Garson(old) 


138 


57 


26 


52 


71 


15 


— 


359 


Garson(new) 


— 


— 


— 


— 


— 


39 


57 


96 


Ash Street 


377 


164 


42 


81 


53 


47 


25 


789 


Morgan 


21 


16 


1 


7 


8 


16 


12 


81 


St. Charles 








2 


1 


5 


8 


1 


17 


Corn's ton 


— 


— 


— 


40 


60 


52 


55 


207 


Lockerby 


— 


— 


— 


— 


26 


32 


19 


77 


New Sudbury 


— 


— 


— 


— 


— 


60 


50 


110 


Verner 


— 


4 


1 


1 


3 


1 





10 


Grassy Lake 


1 


1 


n 


3 





4 





9 


Lake Temagami 


— 


— 


— 


— 





1 





1 


Chiniguchi Lake 


— 


— 


— 


— 


1 


3 


3 


7 


TOTALS 


902 


394 


168 


531 


463 


526 


499 


3483 






- TABLE 4 - 



NUMBER OF DAYS WITH MEAN SO? LEVELS > 0.10 ppm 
RECORDED IN THE SUDBURY AREA FROM 1971 TO 1977 



STAT I 



1971 



1972 



1973 



1974 



1975 



1976 



1977 TOTAL 



Lake Penage 


1 


1 





1 











3 


Burwash 











3 


2 








5 


Callum 


1 


1 





1 











3 


Skead 


26 


8 


1 


12 


5 


14 


9 


75 


Hanmer 


— 


- 





3 





1 


3 


7 


Rayside 


3 











1 





2 


6 


Garson(old) 


9 


5 








3 





- 


17 


Gars on( new) 


- 


- 


- 


— 


— 





3 


3 


Ash Street 


48 


16 


2 


7 


7 


1 





81 


Morgan 





i) 








1 





1 


2 


St. Charles 


























Coniston 


- 


- 


— 


2 


2 


1 


1 


6 


Lockerby 


- 


- 


- 


- 


1 





2 


3 


New Sudbury 


- 


- 


— 


- 


— 


4 


2 


6 


Verner 


n 























Grassy Lake 


























Chiniguchi Lake 


— 


— 


— 


- 














Lake Temagami 


— 


— 


— 


— 














TOTALS 


88 


31 


3 


29 


22 


21 


23 


217 



o 



- TABLE 5 - 

DISTRIBUTION OF THE SULPHUR DIOXIDE HOURLY 
READINGS RECORDED IN THE SUDBURY AREA DURING 1976 



STATION 

Lake Penage 

Burwash 

Callum 

Skead 

Hanmer 

Rays id e 

Garson(old) 

Garson(new) 

Ash Street 

Morgan 

St. Charles 

Coniston 

Lockerby 

New Sudbury 

Verner 

Grassy Lake 

Chini guchi Lake 

Lake Temagami 



0.00-0.10 0.11-0.25 0.26-0.49 0.50-0.99 1.00+ppm TOTAL 



+ 



8562 

8523 

8331 

8062 

8328 

8613 

3710 

4328 

8100 

8550* 

8653 

8201 

7380 

7654 

7856 

3708 

3036 

3691 



TOTALS 125,285 



75 

100 

278 

113 

59 

43 

91 

206 

41 



181 
72 

180 
15 
31 
28 
13 

1,615 



15 
15 
95 
31 

15 
14 
32 
44 
11 

7 
50 
25 
43 





413 





1 

1 

48 



1 





_0 

102 





11 
















_0 

11 



8623 
8614 
8447 
8494 
8478 
8689 
3768 
4458 
8353 
8607 
8697 
8434 
7484 
7894 
7872 
3743 
3067 
3705 

127,427 



Relocated to new site on June 11,1976 
Operated from May to October only 






- TABLE 6 - 



STATION 


0.00-0.10 


Lake Penage 


8611 


Burwash 


8262 


Callum 


8546 


Skead 


8144 


Hanmer 


8126 


Rayside 


8542 


Garson 


8018 


Ash Street 


8300 


Morgan 


8552 


St. Charles 


8649 


Coniston 


8307 


Lockerby 


7924 


New Sudbury 


8216 


Verner 


8579 


Grassy Lake 


3834 


Chiniguchi Lake 


3219 


.+ 
Lake Temagami 


3588 



DISTRIBUTION OF THE SULPHUR DIOXIDE HOURLY 
READINGS RECORDED IN THE SUDBURY AREA DURING 1977 



0.11-0.25 



200 



29 



TOTALS 



127,417 



102 

176 

14 

20 

33 

6 

1,587 



0.26-0.49 


0.50-0.99 


1.00+ppm 


TOTAL 


9 


3 





8663 


7 


1 





8339 


11 


2 





8655 


113 


44 


4 


8531 


47 


15 





8320 


17 


3 


1 


8642 


51 


6 





8275 


CO 


2 





8482 


10 


1 


1 


8615 


1 








8679 


44 


11 


o 


8519 


15 


4 





8045 


42 


7 


1 


8442 











8593 











3854 


2 


1 





3255 











3594 



392 



129,503 



+ 0perated from May to October only 



m 
to 



- TABLE 7 - 



SOURCE IDENTIFICATION SUMMARY 
FOR HOURLY GROUND LEVEL SO? CONCENTRATIONS > Q.25ppm RECORDED IN 1976 AND 1977 









1976 






1977 








SO£ 


SOURCE 






SO? SOURCE 




STATION 


INCO 


FALCONBRIDGE 


TOTAL 


INCO 


FALCONBRIDGE 


TOTAL 


Lake Penage 


8 







8 


9 


3 


12 


Burwash 


14 




1 


15 


8 





8 


Call urn 


1 




13 


14 


8 


5 


13 


Hanmer 


2? 




14 


36 


44 


18 


62 


Rayside 


9 




6 


15 


S 


13 


21 


Garson(old) 


5 




10 


15 


— 


— 


— 


Garson(new) 


26 




13 


39 


26 


31 


57 


Ash Street 


44 




3 


47 


25 





25 


Morgan 


13 




2 


15 


2 


10 


12 


St. Charles 


7 




1 


8 


1 


("I 


1 


Coniston 


11 




36 


47 


14 


41 


55 


Lockerby 


24 




8 


32 


19 


G 


19 


New Sudbury 


39 




20 


59 


39 


11 


50 


TOTAL 223 




127 


350 


203 


132 


335 






- TABLE 8 - 



SULPHATION RATES ON LEAD PEROXIDE PLATES 
IN THE CITY OF SUDBURY DURING 1976 (mq SO3/IOO cm 2 /day) 



SITE NO 



4 



9 

10 
11 
12 



LOCATION JAN. FEB. MAR. APR. MAY JUN. JUL. AUG. SEP. OCT. NOV. DEC. MEAN 

Ash St.* .51 .53 .63 .49 .23 .60 .38 .38 .30 .65 .40 .45 .46 

Lisgar St.* .49 .40 .55 .42 .24 .56 .25 .36 .37 .53 .35 .52 .42 

Auger Ave. .32 .54 .54 .80 .22 1.08 .53 — .30 .54 .50 .32 .52 

William Ave. .34 — .54 — — .80 .37 .45 .22 .46 .40 .30 .43 

Cedar St. .48 .54 .56 .48 .28 .84 .36 .55 .32 .56 .61 .37 .50 

Laforest Ave. .34 — — — — — .60 — .24 .50 .50 .30 .41 

McNaughton St. .28 .64 .48 .42 .18 .94 .24 .28 .14 .50 .42 .30 .40 

Ramsey Lake Rd .26 .44 .42 .52 .22 .96 .24 .22 .22 .40 .53 .37 .40 

South view Dr. .42 .72 .44 .60 — .96 .34 .43 .30 .38 .42 .44 .50 

Tuddenham Ave. .52 .54 .58 .70 .46 .52 .53 .43 .22 .52 .80 .36 .52 

Second Ave. .32 .42 .30 .36 .20 .96 .24 .22 .22 .36 .37 .32 .36 

Oliver St. ^8^4^8,32,22^4,18^7,26^4,22^0 ,39 

MEAN .37 .51 .48 .48 .22 .87 .33 .34 .46 .46 .42 .38 .44 



Sulphation Candles 
— Data missing or invalidated 



- TABLE 9 - 



SULPHATION RATES ON LEAD PEROXIDE PLATES 
IN THE CITY OF SUDBURY DURING 1977 (mq SO3/IOO cm2/day) 



SITE NO 

1 

2 

3 

4 

5 

6 

7 

8 

9 
10 
11 
12 



LOCATION 

Ash St.* 
Lisgar St. 
Auger Ave. 
William Ave. 
Cedar St. + 
Laforest Ave. 
McNaughton St. 
Ramsey Lake Rd 
Southview Dr. 
Tuddenham Ave. 
Second Ave. 
Oliver St. 

MEAN 



JAN. FEB 



.83 
.62 
.54 
.49 
.52 
.61 
.38 
.31 
.49 
.21 
.36 
.44 

.48 



.57 
.46 
.48 
.28 
.45 
1.07 
.41 
.30 
.39 
.47 
.28 
.89 



MAR. 

.43 
.43 
.38 
.38 



.51 



.46 
.37 
.47 
.34 
.51 
.38 
1.05 

.47 



APR, 

.38 
.45 
.47 
.49 



.51 
.46 
.43 
.43 
.65 
.36 
.51 

.47 



MAY 

.41 
.48 
.40 
.42 



99 
73 



JUL 

.63 
.65 
.99 
.56 



AUG 

.46 
.69 
.62 
.31 



SEP 

.23 
.61 
.27 
.12 



OCT, 

.35 
.62 
.50 
.35 



NOV. DEC 



.65 
.42 
.40 
.48 
.53 
.36 
.65 

.47 



95 
49 
57 
70 
60 
,73 
J3 

.68 



.99 
.38 
.42 
.63 
.43 
.43 
.56 

.61 



.46 
.40 
.47 
.35 
.38 
.43 
.19 

.43 



.29 
.26 
.27 
.32 
.33 
.20 
.94 

.35 



.65 
.40 
.40 
.41 
.35 
.38 
.51 

.45 



.66 
.68 
.43 
.34 



46 
46 
49 
51 

,48 

,49 
,95 

.54 



1.09 
.74 
.53 



.74 
.39 
.49 
.36 
.65 
.37 
1.39 

.67 



MEAN 

.55 
.58 
.55 

.41 

.65 
.40 
.41 
.45 
.46 
.40 
.70 

.50 



Sulphation Candles up to and including May 
Sampling discontinued in March 1977 
-Data missing or invalidated 






- TABLE 10 - 

ANNUAL MEAN SULPHATION RATES AND FREQUENCY OF EXCEEDANCE 
OF PROVINCIAL CRITERION IN THE CITY OF SUDBURY FROM 1971 TO 1977 



LOCATION 1971 

Ash Street 1.51 

Lisgar Street 

Auger Avenue 1.27 

3 

William Avenue .97 

Cedar Street 1.23 

Laforest Avenue .87 

McNaughton Street .94 

i 

Ramsey Lake Road .88 

i 

Southview Drive .88 

i 

Tuddenham Avenue 1.00 

Second Avenue .85 

Nickel Street IM 

Oliver Street 1.09' 



** 



++ 



Data for 3 months 
Data for 1 month 
Data for 2 months 
Data for 6 months 



** 



1972 



Annual Mean 
(mq SO3/IOO cm2/day) 



1973 



1974 



1975 



1976 



1977 



.88 


.41 


.41 


.51 


.46 


.45 


.44 


.43 


.44 


.45 


.42 


.58 


.87 


.49 


.25 


.25 


.52 


.55 


.73 


.39 


.21 


.19 


.43 


.41 


.75 
1.10 


.46 
.15 


.25 
.26 


.21 
.24 


.50 

.41 ++ 


.48 
.65 


.60 


.36 


.19 


.20 


.40 


.40 


.59 


.38 


.21 


.16 


.40 


.41 


.75 


.41 


.27 


.21 


.50 


.45 


.75 


.51 


.26 


.23 


.36 


.46 


.55 


.36 


.20 


.17 


.36 


.40 


1.13 


.60 


.42 


.45 


— 




.76 


.47 


.25 


.27 


.39 


.70 



Number of Readings Above 
Provincial Criterion 

1971 1972 1973 1974 1975 1976 1977 



8 


6 


1 


1 


1 


NIL 


2 


— 


1 


1 


1 


NIL 


NIL 


1 


3 


5 


1 


NIL 


NIL 


2 


2 


2 


5 


1 


NIL 


NIL 


1 


1 


2 


6 


1 


NIL 


NIL 


1 


NIL 


1 


5 


NIL 


NIL 


NIL 


NIL 


4 


3 


4 


NIL 


NIL 


NIL 


1 


NIL 


2 


4 


NIL 


NIL 


NIL 


1 


NIL 


2 


5 


NIL 


1 


NIL 


2 


NIL 


2 


5 


1 


NIL 


NIL 


1 


NIL 


2 


3 


NIL 


NIL 


NIL 


1 


1 


3 


9 


5 


2 


1 


— 


— 


3 


5 


3 


NIL 


NIL 


1 


5 


TOTAL 33 


63 


14 


5 


2 


11 


16 

en 



- TABLE 11 - 

SUMMARY OF TOTAL SUSPENDED PARTICULATE DATA 
COLLECTED IN THE SUDBURY AREA IN 1976 AND 1977 



Location 


1976 


1977 


Ash Street 


50 


52 


Lisgar Street 


51 


55 


Copper Cliff 


16 


48 


Falconbridge 


9 


41 


Corn* s ton 


55 


6 



^ w ^ No. of Samples Above* 

o. of Samples Geometric Mean(ug/m ) Max. 24-Hr. Value(ug/m ) Provincial Criterion 



1976 



1977 

35 
43 
44 
59 
22 



1976 


1977 


1976 


1977 


91 


109 


NIL 


NIL 


107 


114 


NIL 


NIL 


90 


306 


NIL 


2 


604 


816 


1 


4 


192 


44 


3 


NIL 



-J 

♦Provincial Criterion: Annual - 60 ug/m (Geometric Mean) 

24Hour - 120 ug/m3 






- TABLE 12 - 

HEAVY METAL ANALYSIS OF HIGH VOLUME AIR FILTERS 
EXPOSED IN THE SUDBURY AREA IN 1976 AND 1977 

Element Station No. of Samples Analyzed Max. 24-Hr. Value(ug/m 3 ) Geometric Mean(ug/m3) 

1976 1977 

Cu Ash St 49 40 

Lisgar St 47 55 

Coniston 55 6 

Copper Cliff 15 43 
Falconbridge 9 40 

Ni Ash St 49 40 

Lisgar St 47 55 

Coniston 55 6 

Copper Cliff 15 43 
Falconbridge 9 41 

Fe Ash St 49 40 

Lisgar St 47 55 

Coniston 55 6 

Copper Cliff 15 43 
Falconbridge 9 40 

Pb Ash St 50 40 

Lisgar St 51 55 

Coniston 55 6 

Falconbridge — 15 



1976 


1977 


1976 


1977 


4.4 


2.9 


0.5 


0.5 


1.3 


1.4 


0.4 


0.5 


1.8 


0.7 


0.5 


0.5 


3.7 


2.2 


1.4 


0.8 


1.8 


3.7 


1.0 


0.6 


1.4 


1.2 


0.14 


0.15 


0.9 


0.5 


0.13 


0.08 


0.3 


0.09 


0.07 


0.03 


2.2 


1.1 


0.23 


0.17 


0.7 


3.4 


0.18 


0.18 


8.1 


7.4 


1.3 


1.0 


9.6 


1.1 


1.9 


1.2 


9.4 


1.1 


1.5 


0.6 


5.5 


57.0 


2.8 


2.3 


19.8 


27.2 


3.1 


2.8 


1.0 


1.0 


0.3 


0.3 


2.0 


5.0 


0.6 


0.4 


1.2 


0.4 


0.2 


0.2 


— 


0.4 


— 


0.2 



CO 



- TABLE 13 - 

SUMMARY OF THE SOILING READINGS IN THE SUDBURY 
AREA DURING 1976 AND 1977 (COH units/1000 ft. of air) 



STATION 


MAX. 


VALUE 


MAX. 24- 


-HR. AVG. 


ANNUAL 


AVG. 




1976 


1977 


1976 


1977 


1976 


1977 


Ash St. 


3.1 


1.7 


0.9 


0.8 


0.16 


0.10 


Lisgar St. 


1.9 


1.9 


0.6 


0.8 


0.23 


0.21 


Kennedy Ave. 


1.5 


1.5 


0.5 


0.6 


0.12 


0.14 


Corn's ton 


3.3 


4.0 


0.9 


1.2 


0.17 


0.13 



2 Hr. samples 



■fc. 



- TABLE 14 - 



MONTHLY AVERAGE SOILING LEVELS IN THE SUDBURY AREA 
DURING 1976 AND 1977 (COH units/1000 ft. of air ) 



LOCATI 



YEAR 



JAN. FEB. MAR. APR. MAY JUN. JUL. AUG. SEF\_ OCT^ NOV^ DEC. 



Ash St. 


1976 


.46 


.27 


.15 


.09 


.12 


.12 


.05 


.07 


.14 


.12 


.12 


.16 




1977 


.07 


.06 


.08 


.08 


.12 


.13 


.08 


.04 


.07 


.13 


.17 


.21 


Lisgar St. 


1976 


.33 


.31 


.29 


.24 


.14 


.24 


.19 


.20 


.24 


.22 


.26 


.24 




1977 


.23 


.21 


.21 


.20 


.18 


.18 


.18 


.20 


.26 


.21 


.22 


.31 


Kennedy Ave. 


1976 


.10 


.07 


.08 


.13 


.14 


.10 


.07 


.14 


.13 


.14 


.20 


.19 




1977 


.21 


.20 


.19 


.15 


.12 


.07 


.07 


.06 


.08 


.14 


.14 


.19 


Coniston 


1976 


.39 


.22 


.17 


.10 


.10 


.13 


.07 


.13 


.10 


.14 


.21 


.24 




1977 


.26 


.21 


.21 


.09 


.04 


.05 


.07 


.04 


.06 


.14 


.16 


.25 



o 



- TABLE 15 - 



TOTAL DUSTFALL LEVELS 
IN THE CITY OF SUDBURY DURING 1976 (qm/m^/30 days) 



SITE NO. LOCATI 



1 
2 
3 

4 
5 
6 
7 
8 
9 

10 
11 
I? 
13 
14 



JAN. 

Ash St. 1.4 

Lisgar St. 1.4 

Auger Ave. 1.4 

William Ave. 1.1 

Cedar Street 9.5 

Laforest Ave. 1.4 

McNaughton St. 1.4 

Ramsey Lake Rd 1.4 

Southview Dr. 1.8 

Tuddenham Ave. 1.8 

Second Ave. 1.4 

Oliver St. 4.6 

Penman Ave. 4.2 

Hwy. 17 West ZA 

MEAN 2 . 5 



FEB. MAR. APR. MAY JUN. JUL. AUG^ SEP_^ OCT^ N0V_ 



2.1 

1.8 

3.2 

2.1 

2.5 

2.5 

2.1 

1.4 

1.4 

2.5 

2.8 

2.8 

1.8 

1.8 

2.2 



3.2 

3.5 

3.2 

2.5 

3.5 

7.7 

4.6 

2.8 

2.8 

5.6 

5.3 

6.3 

3.5 

5.6 

4.3 



3.9 

4.6 

4.6 

2.8 

8.1 

5.6 

4.2 

2.5 

3.5 

6.7 

4.9 

5.3 

4.9 

3.9 

4.7 



3.5 

3.5 
3.9 
3.5 
7.7 
5.3 
4.9 
2.8 
3.2 
4.9 
6.3 
4.6 
5.6 
12.6 

5.2 



4.2 

3.9 

4.9 

4.9 

8.4 

7.4 

6.7 

3.2 

3.9 

7.0 

8.1 

6.3 

7.0 

9.8 

6.1 



2.5 

2.8 
3.2 
6.0 
5.3 
2.1 
1.4 
2.8 
6.0 
8.1 
14.7 
8.8 
3.2 

5.1 



7.4 

3.5 

4.6 

4.9 

7.0 

7.4 

5.3 

3.2 

3.9 

8.8 

8.1 

7.4 

7.4 

4.6 

6.0 



4.2 
3.9 
6.3 
5.3 
9.5 

5.3 
4.2 
4.2 
6.7 
7.4 
5.3 
3.9 
3.5 

5.4 



3.2 

4.2 

3.9 
6.0 

6.3 
2.8 
2.8 
4.9 
6.0 
6.7 
5.3 
3.2 

4.6 



1.8 
2.8 

2.5 
1.8 
6.0 

1.8 
2.1 
2.1 
6.0 
3.5 
3.5 
4.2 
1.4 

3.0 



DEC. 

1.1 

1.1 

2.8 

1.1 

1.8 

1.8 

1.4 

1.1 

1.4 

1.4 

1.4 

2.5 

1.1 

1.1 

1.5 



MEAN 

3.3 

3.1 

3.7 

3.1 

6.3 

4.9 

3.8 

2.4 

2.8 

5.2 

5.3 

5.8 

4.8 

4.4 

4.2 



- Data missing or invalidated 



in 



- TABLE 16 - 



TOTAL DUSTFALL LEVELS 
IN THE CITY OF SUDBURY DURING 1976 (qm/m 2 /3Q days) 



SITE NO. 

15 
16 



LOCATION 

Salo Dr. 
Jarvi Rd 
Kelly Lake Rd 
Industrial Rd East 
Industrial Rd West 
INCO Acid Plant 
Hwy. 144 West 
Hwy. 144 East 
Latimer Cr. 
Falconbridge Hwy. 

MEAN 



JAN 



FEB. MAR. APR. MAY 



JUN 



JUL. AUG. SEP. OCT. NOV 



DEC 



MEAN 



1.4 


7.0 


4.2 


4.2 


1.4 


3.5 


3.5 


2.1 


2.1 


1.1 


3.1 


2.5 


2.5 


5.3 


6.7 


4.6 


7.4 


5.6 


1.8 


2.8 


1.1 


4.0 


2.5 


3.2 


4.6 


4.2 


2.8 


2.8 


3.5 


3.2 


2.8 


1.1 


3.1 


4.6 


3.9 


6.3 


14.4 


10.5 


11.9 


8.8 


7.7 


1.8 


1.4 


7.1 


3.2 


2.8 


8.1 


7.7 


6.7 


8.4 


9.5 


2.8 


1.8 


1.1 


5.2 


10.9 


5.3 


4.9 


4.6 


4.6 


3.5 


8.1 


2.8 


4.9 


2.1 


D • c. 


3.5 


3.2 


4.2 


3.9 


2.5 


3.2 


3.9 


2.5 


— 


— 


3.4 


5.3 


12.6 


28.7 


27.0 


10.2 


16.8 


12.3 


.6.7 


— 


— 


15.0 


2.1 


2.5 


3.2 


3.2 


2.1 


3.2 


7.0 


2.5 


2.5 


0.7 


2.9 


— 


— 


— 


7.7 


17.5 


7.4 


9.5 


4.6 


4.2 


5.3 


8.0 



— — 4.0 



4.8 



7.7 



8.4 



6.3 



6.8 



7.2 



3.7 



2.9 



1.7 



Stations installed in March 1976 
Data missing or invalidated 






- TABLE 17 - 



TOTAL DUSTFALL LEVELS 
IN THE CITY OF SUDBURY DURING 1977 (qm/m2/3Q days) 



SITE NO 

1 

2 

3 

4 

r > 

6 

7 

8 

9 

10 
11 
12 
13 
14 



LOCATION 

Ash St. 
Lisgar St. 
Auger Ave. 
William Ave. 
Cedar St! 
Laforest Ave. 
McNaughton St. 
Ramsey Lake Rd 
South view Dr. 
Tuddenham Ave. 
Second Ave. 
Oliver St. 
Penman Ave. 
Hwy. 17 West 



JAN. FEB. MAR. APR. MAY 



1.2 
4.6 
1.0 
0.6 
1.0 
0.3 
1.8 
1.9 
1.4 
3.5 
1.4 
4.8 
1.0 
1.5 



MEAN 1.9 



2.1 
3.3 
2.8 
2.0 
2.5 
5.3 
3.4 
2.6 
2.8 
6.5 
14.2 
4.7 
1.5 
2.3 

4.0 



3.9 
5.0 
4.9 
3.3 



8.4 
5.2 
1.9 
3.1 
5.2 
5.9 
12.5 
3.2 
5.2 

5.2 



3.0 

4.1 

3.0 



5.5 
3.6 
2.5 
2.9 
5.0 
5.3 
8.7 
3.6 
3.4 

4.2 



2.8 
2.5 
4.3 
3.6 



JUN. 

4.6 
5.9 

3.4 



JUL, 

3.4 
5.4 
5.8 



AUG. 

3.6 
4.0 
4.1 
3.8 



SEP 

2.5 
4.9 
7.0 



OCT. NOV. DEC 



2.0 
3.2 
2.3 
5.1 



5.2 

3.7 
2.2 
2.6 
6.5 
6.0 
16.4 
33.0 
3.0 

7.1 



3.8 
2.3 
2.5 

6.9 
6.2 
4.4 
11.6 
3.9 



10.2 
6.0 
5.0 
4.0 
9.1 
8.5 

44.9 
8.6 

10.4 



5.0 10.0 



3.0 
2.3 
3.7 
9.7 
6.7 
4.7 
3.9 
3.8 

4.4 



12.3 
3.1 
5.2 
3.9 

14.8 
6.6 
2.4 
3.3 

6.2 



6.4 
2.8 
2.1 
3.9 
6.0 
4.9 
3.4 
2.8 

3.7 



2.3 
7.1 
3.7 
3.1 



4.8 
5.5 
3.5 
4.0 
7.1 
7.7 
9.0 
11.5 
6.4 

5.8 



2.4 

3.3 

2.3 

11.2 



3.9 

2.3 
1.5 
1.2 
1.9 
2.2 
4.5 

4.6 
3.4 



MEAN 

2.7 
4.3 
4.0 
4.7 
1.8 
5.5 
4.8 
2.6 
3.0 
5.8 
7.1 
10.5 
7.6 
4.2 

5.0 



— Data missing or invalidated 
"^Discontinued in March 1977 






- TABLE 18 - 



TOTAL DUSTFALL LEVELS 

IN THE CITY OF SUDBURY DURING 1977 (gm/m^/30 days 



SITE NO. 


LOCATION 


15 


Salo Dr. 


16 


Jarvi Rd 


17 


Kelly Lake Rd 


18 


Industrial Rd East 


19 


Industrial Rd West 


20 


INCO Acid Plant 


23 


Latimer Cr. 


24 


Falconbridge Hwy. 




MEAN 



JAN 

1.1 
1.0 
1.2 
2.0 
1.0 
4.3 
1.3 
5.2 

2.1 



FEB 

1.7 
1.8 
2.3 
2.0 
1.5 
4.8 
5.7 
3.6 

2.9 



MAR. APR, 



1.3 
1.3 
3.5 
7.5 
3.4 
4.9 
2.9 
6.0 

3.9 



1.6 
4.0 
2.5 
2.4 
2.6 
3.9 
1.6 
7.5 

3.3 



MAY 

1.7 
4.3 
8.9 
6.3 
4.5 
3.4 
5.2 

4.9 



JUN. 

1.6 
3.5 
4.3 
4.5 
7.5 
3.2 
2.3 

3.8 



JUL 

2.6 
5.1 
4.1 
20.6 
9.0 
8.8 
4.3 
3.8 

7.3 



AUG 

4.4 
3.5 
3.7 
4.4 
6.2 



3.6 
5.4 

4.5 



SEP 

2.5 
2.5 
4.1 
6.4 
8.0 



4.2 
8.5 

5.2 



OCT 

2.6 
2.0 
1.9 
1.4 
5.5 



NOV. DEC 



1.4 
8.4 

3.3 



3.7 
4.8 
3.9 
2.7 
3.3 



1.7 
3.8 

3.4 



1.1 
1.3 
1.1 
1.3 



0.9 
37.3 

7.2 



MEAN 



3.1 
5.3 
4.6 
4.9 



Stations installed in March 1976 
Data missing or invalidated 



*i 



- TABLE 19 - 



ANNUAL MEAN DUSTFALL LEVELS FOR LOCATIONS 
IN THE CITY OF SUDBURY FROM 1973 TO 1977 (qm/m^/30 days) 



SITE 



1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 



LOCATION 

Ash St. 
Lisgar St. 
Auger Ave. 
William Ave. 
Cedar St. 
Laforest Ave. 
McNaughton St. 
Ramsey Lake Rd 
Southview Dr. 
Tuddenham Ave. 
Second Ave. 
Oliver St. 
Penman Ave 
Hwy. 17 West 



1973 

3.8 
3.9 
3.9 
3.4 
8.2 
5.8 
3.8 
2.9 
3.1 
5.3 
4.7 
6.5 



1974 

3.5 
4.5 
4.9 
3.3 
8.0 
5.1 
4.7 
3.4 
3.0 
4.8 
6.5 
6.1 



— 2.8 



1975 

2.7 
3.3 
3.6 
2.9 
6.8 
4.6 
3.2 
2.6 
2.6 
5.4 
5.8 
8.0 
5.1 
14.2 



1976 

3.3 

3.1 

3.7 

3.1 

6.3 

4.9 

3.8 

2.4 

2.8 

5.2 

5.3 

5.8 

4.8 

4.4 



1977 

2.7 
4.3 
4.0 
4.7 

5.5 
4.8 
2.6 
3.0 
5.8 
7.1 
10.5 
7.6 
4.2 



MEAN 

3.2 
3.8 
4.0 
3.5 
7.3 
5.2 
4.1 
2.8 
2.9 
5.3 
5.9 
7.4 
5.1 
7.6 






Data for 4 months 






- TABLE 20 - 



SOLUBLE SULPHATES IN DUSTFALL 
IN THE CITY OF SUDBURY DURING 1976 (gm/m?/30 days) 



SITE NO 



3 

4 
5 
6 
7 



10 
11 
12 
13 
14 



LOCATION JAN. FEB. MAR. APR. 

Ash St. .1 .4 .6 .5 

Lisgar St. .2 .3 .6 .5 

Auger Ave. .1 .6 .5 .6 

William Ave. .1 .3 .6 .4 

Cedar St. .3 .3 .5 .6 

Laforest Ave. .2 .4 1.3 .7 

McNaughton St. .2 .5 .7 .4 

Ramsey Lake Rd .1 .2 .3 .3 

Southview Dr. .2 .2 .4 .5 

Tuddenham Ave. .2 .5 1.3 .9 

Second Ave. .2 .2 .4 .3 

Oliver St. .6 .4 1.3 .5 

Penman Ave. .1 .2 .4 .3 

Hwy. 17 West ^2 .3 1.0 .5 

MEAN .2 .3 .7 .5 



MAY 



.5 
.4 
.5 
.7 
.6 
.5 
.6 
.6 
.5 
.6 
.3 

A 

.5 



J UN 



.8 



.7 

.6 

1.1 



.7 
.8 
.9 
.6 
.8 
.7 



JUL 



.2 
.2 
.4 
.1 
.2 
.2 
.7 
.4 
.4 
.2 
^2 

.3 



AUG. 

.9 

.8 

.9 

.7 

.8 

1.0 

1.0 

.7 

.6 

1.2 

.7 

.7 

.7 

.2 



SEP 



.9 



1.0 

.9 

1.0 

1.1 

1.0 

.9 

.8 

JL 

.9 



OCT. 

.4 
.4 

.4 
.4 

.5 
.3 
.3 
.5 

.4 
.3 
.3 
A_ 

.4 



NOV. 

.3 
.3 

.3 
.2 
.4 

.3 
.2 
.2 
.8 
.2 
.3 
.1 
J^ 

.3 



DEC. 

.2 
.2 
.1 
.1 
.2 
.4 
.2 
.1 
.1 
.2 
.1 
.2 
.2 
^ 

.2 



MEAN 

.5 
.5 
.5 
.4 
.5 
.7 
.5 
.4 
.4 
.7 
.4 
.6 
.4 
A_ 

.5 



— Data missing or invalidated 






- TABLE 21 - 



SOLUBLE SULPHATES IN DUSTFALL 
IN THE CITY OF SUDBURY DURING 1976 (qm/m^/30 days 



SITE NO. 


LOCATION 


15 


Salo Dr. 


16 


Jarvi Rd 


17 


Kelly Lake Rd 


18 


Industrial Rd East 


19 


Industrial Rd West 


20 


INCO Acid Plant 


21 


Hwy. 144 West 


22 


Hwy. 144 East 


23 


Latimer Cr. 


24 


Falconbridge Hwy. 



JAN. 



FEB. MAR 



MEAN 
Stations installed in March 1976 
- Data missing or invalidated 



APR 



MAY 



JUN 



JUL. 



AUG 



SEP 



OCT. NOV 



DEC 



1.0 



.7 



.9 



.3 



.7 



2.1 



.3 



.3 



.3 



MEAN 



.4 


.5 


.8 


.6 


.2 


.8 


1.3 


.3 


.2 


.2 


.5 


.5 


.5 


1.0 


.7 


.3 


.7 


1.4 


.2 


.2 


.2 


.6 


.5 


.6 


.7 


1.0 


.3 


.2 


1.0 


.5 


.1 


.2 


.5 


./ 


.6 


1.6 


.9 


.4 


.7 


1.8 


.2 


.2 


.2 


.7 


.7 


.6 


1.0 


.8 


.3 


.7 


1.9 


.3 


.2 


.2 


.7 


3.6 


1.4 


.9 


1.2 


.6 


.9 


2.9 


.6 


.6 


.8 


1.4 


1.1 


.4 


.4 


.5 


.2 


.5 


1.1 


.2 


— 


— 


.6 


1.0 


1.0 


.9 


1.4 


.5 


1.0 


5.5 


.5 


— 


— 


1.5 


.4 


.4 


.5 


.6 


.3 


.5 


2.2 


.3 


.6 


.2 


.6 





— 


— 


.5 


.2 


— 


— 


.2 


.2 


.1 


.2 



.7 



On 
-1 



- TABLE 22 - 



SOLUBLE SULPHATES IN DUSTFALL 
IN THE CITY OF SUDBURY DURING 1977 (qm/m2/3Q days) 



SITE NO. 



4 



10 
11 
12 
13 

14 



LOCATION 

Ash St. 
Lisgar St. 
Auger Ave. 
William Ave. 
Cedar St.* 
Laforest Ave. 
McNaughton St. 
Ramsey Lake Rd 
Southview Dr. 
Tuddenham Ave. 
Second Ave. 
Oliver St 
Penman Ave. 
Hwy. 17 West 

MEAN 



JAN. FEB 



MAR. APR 



— Data missing or invalidated 
* 
Station discontinued in March 



.1 

.2 

.2 
.2 
.2 

.2 
.2 
.3 
.1 
_A 

.2 

1977 



1.5 
.9 
.3 
.3 

1.8 
.4 



.7 



.7 

1.3 
.4 
J_ 

.7 



.7 
.4 
.2 
.4 
.7 
.3 
1.0 



MAY 



.3 



JUN. JUL 



.7 
.4 
.2 
.3 

.7 
.4 
.7 



.4 



1.0 
.7 
.6 

1.8 
.9 



.8 



1.0 



.7 1 



1.9 

1.4 

.7 

.9 

.6 

1.0 

1.8 

.9 

1.0 

1.1 



AUG, 

.9 

.7 
.7 



1.0 
.6 
.8 

1.7 
.7 
.9 
.7 
J5 

.8 



SEP 



.5 



1.1 



1.4 
.9 
1.0 
1.3 
1.2 
2.0 
1.5 
1.6 

1.2 



OCT, 

.6 
.6 

.7 



.5 
.5 

1.1 
.7 

1.0 
.6 
J_ 

.7 



NOV. 

.4 
.5 
.4 

.6 
.4 
.3 
.4 
.8 
.4 
1.1 
.5 
^ 

.6 



DEC. 

.2 
.5 
.4 
.3 

.5 
.3 
.2 
.2 
.5 
.3 
1.0 

J} 

.4 



MEAN 

.5 
.6 
.6 

.6 
.7 
.4 
.5 

1.0 
.6 

1.0 
.5 
.7 

.6 



00 



- TABLE 23 - 



SOLUBLE SULPHATES IN DUSTFALL 
IN THE CITY OF SUDBURY DURING 1977 (qm/m^/30 days) 



SITE NO. LOCATION JAN, 

15 Salo Dr. .1 

16 Jarvi Rd .2 

17 Kelly Lake Rd .3 

18 Industrial Rd East .2 

19 Industrial Rd West .1 

20 INCO Acid Plant 2.9 

23 Latimer Cr. . 1 

24 Falconbridge Hwy. A 

MEAN .5 



FEB. MAR. APR. MAY 



.3 
.2 
.6 
.4 
.4 
2.3 
2.1 
.3 



.4 
.4 
.7 
.5 

.4 
1.9 



.7 



.3 

.7 

.4 
.4 
.5 
1.2 
.3 

A 

.5 



.3 
.5 
.7 

.6 
.6 
.5 

A 

.5 



JUN. 

.5 
.4 
.6 
.6 
.4 
.8 
.5 

.5 



JUL, 

.8 

.9 
1.1 

2.3 
1.2 
2.1 
1.0 
1.0 

1.3 



AUG. SEP 



.7 

1.0 

.7 

.7 

1.0 

A 

.8 



1.1 
.9 
1.4 
1.2 
2.0 

1.1 
1.0 

1.2 



OCT 

8 
7 
7 

6 



A 

.7 



NOV, 

.6 
.5 
.6 
.5 
.3 

.7 

A 

.5 



DEC, 

.1 
.4 
.2 
.3 

.3 
.3 



MEAN 

.6 
.5 
.7 
.7 
.6 
1.7 
.8 

A 

.7 



Stations installed in March 1976 
- Data missing or invalidated 



in 



- TABLE 24 - 



SUMMARY OF AIR POLLUTION INDEX MEASUREMENTS 
IN THE SUDBURY AREA DURING 1976 AND 1977 



STATION YEAR % VALID DATA 00-15 16-31 >32 MAX. VALUE TOTAL READINGS MEAN 



Ash St. 


1976 


96.1 


8091 


352 







1977 


96.3 


8268 


169 





Kennedy Ave. 


1976 


93.2 


6510 


335 


o 




1977 


96.8 


8140 


337 


5 


Corn's ton 


1976 


97.3 


8398 


153 







1977 


97.2 


8312 


202 






39 



8443 


5.4 


8437 


4.7 


6845 


5.7 


8482 


7.0 


8551 


5.1 


8514 


5.3 



- TABLE 25 - 



DISTRIBUTION OF NO X , NO, NO2 HOURLY READINGS 
RECORDED AT ASH ST. IN SUDBURY DURING 1976 AND 1977 



Days of 
Year Pollutant Valid Data .00-. 05 .06-. 20 .21-. 50 >.51 ppm Total 



1976 



1977 



N0 X 


356 


7904 


518 


27 


1 


8450 


NO 


361 


8312 


223 


16 





8551 


NO2 


344 


8264 


1 








8265 


N0 X 


360 


7790 


700 


41 





8531 


NO 


360 


8318 


237 


28 


7 


8585 


NOo 


361 


8578 


17 








8595 



en 
H 



- TABLE 26 - 



FLUORIDATION RATES ON LIME CANDLES 
DURING 1976 AND 1977 IN THE CITY OF SUDBURY (uq F/lOO cm2/3Q days) 



LOCATIi 



YEAR 



JAN 



FEB. MAR. APR. MAY JUN. JUL. AUG. SEP. OCT. NOV 



DEC 



Ash St. 


1976 


3 


1 


3 


9 





3 


12 


4 


3 


1 





8 




1977 


25 


1 


1 


2 


3 


4 


5 


4 


3 


8 


6 


10 


Lisgar St. 


1976 





1 


4 


10 








6 


4 


5 


2 


— 


18 




1977 


25 


3 


1 


7 


5 


4 


10 


8 


13 


7 


9 


14 



MEAN 

4 
6 

3 
9 



- TABLE 27 - 



MEAN FLUORIDATION RATES IN THE CITY OF 
SUDBURY FROM 1970 TO 1975 (uq F/100 cm2/30 days) 



LOCATION 

Ash St. 
Lisgar St. 



1970 



16 



1971 



40 



1972 

19 
14 



1973 

25 
25 



1974 

12 
16 



1975 

11 
11 



1976 



4 



1977 



6 



MEAN 

• 
13 



Mean for 1972-1977 period 



<^ 



Figure 1 
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Figure 2 

^ Air Pollution Index Station 
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^ ! Dust fall Collector 
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Sulphation. Fluoridation, Dustfall 




Rgure 3 

^ Air Pollution Index Station 

* Hi -Vol Air Sampler 

^ Smelter • Continuous S0 2 Monitor 

[ I Dustfall Collector 

Q Sulphation Plate, Dustfall Collector 

(^) Sulphation, Fluoridation, Dustfall 

2^ 



TAILING 




/ 



20 



HWY/69 




SUDBURY 






RAMSEY 
LAKE 







23 



New Sudbury 














of 




Scale: 


m 


<r-= 


^yEx 


-"& 




1 1 


1000 

1 


2000 
1 i 


of 





I 



< c 




5TRTI0N' FRDDD RDHD - SUDBURY 



LEVEL • 115 METRES 




is % 



W I NTER 



5PR I NE 






FIE . £ 



FREQUENCY C%) W I NDRD5E5 FDR WINTER RN£> SPRING 1 975 



5TRT1DN' FRDDD RDRD - 5UDBURY 




LEVEL « MS METRE5 




UMMEZR 



FRLL 



FIE . B 



FREQUENCY CJO W I NI>RD5E5 FDR SUMMER RNI> FRLL 1 375 



en 



• 



« « 



. 






5TRTIDN' FRDDD RORD - 5UDBURY 




LEVEL' I IS METRE5 




15 % 



N I NTER 



PR 1 NE5 



1X3 



FI5 . V 



FREQUENCY C%5 W 1 NDRD5E FDR WINTER RNI> SPRING 1977 



5TRTIDN' FRDDD REIRD- - 5UI>BURY 




LEVEL * 115 METRE5 




FRLL 



-j 



FIG . B 



FREQUENCY C3> W I NI>RD5E5 FDR SUMMER RNI> FRLL I B77 



■ < 



« • 



5TRTIDN* FRDDI> RDRI> - 5UDBURY 




LEVEL * 115 METRES 



is % 




977 



fie . a 



RNNURL FREQUENCY C%> W ! Nt>R05E5 FDR 1 37B RND 1377 



2 .5 



1 1 1 

STRTIDN* 5KERI> 
I>RTE « MAY Sx I S7E 



i r 




HOUR (E5T) 



FIB. 10 SD Z FUMIBRTIDN RECORDED RT THE 5KERD STRT 1 ON 






• « 



• 



2 . E 



z 
n. 
a. 

z 

a 



13 
> 

IE 



N 



□ 

U1 



0. S- 



. z 




HOUR (EST) 



-J 
Id 



FIE. I 



SD-, FUMIEBTIDN RECORDED FT THE MDRBRN STRTIDN 



in 

z 
□ 

i- 

s 

in 

z 
□ 

Ln 

HI 

r 



2 . E 



2* V|- 



2.2- 



2.0- 



rvj 



□ 




I . H - 



t . 2 - 



r . 



E7 






FIE. 12 



HNNURL 5D 2 EM 1 55 I DN5 FROM I NCD PPERBTIDN5 
CVRLUE5 RELE:R5EI> BY THE I NCD METRL5 CD. ) 




57 






FIE. 13 



RNNURL 5D Z EMI55 1DN5 FRDM FRLCDNBR I DEE DPERRTIDN5 
CVRLUE5 RELER5ED BY FRLCDNBR 1 DEE NICKEL MINES) 



. 05 



. 05 - 



EL . 0H 

m 

n 

"* . 03 



u 

LI] 

EC 

n 
y 



. 02- 



m 



0.0i- 



. 00 



t r 



STRTIDM* ERR5DN 



i 1 1 r 



20750 HR5 
. 025 PPM 
5BH- ! HR 
H3-2HHR 



B7 55 69 70 



35350 HR5 
! I PPM 
250- I HR 

5-2HHR 



MDE CRITERIDM 



7 1 72 73 



7H 75 75 77 



■-j 



FIE. I H 



i 



. 025 



r\ 


020 


z 




n 




n. 




v-/ 




N 


I 5 


□ 




Ul 




y 

n 


.010 


E 




a: 




y 




>H 


. 005 



. 000 



5TRT ! DN i 



B7 



EB 



CRLLUM 

20H9E HR5 
13 PPM 
ZI7-IHR 
! ! -2HHR 



E3 



70 



7 



33H33 HR5 
.00B PPM 
I 0B- I HR 

I -2HHR 






72 



73 



7H 



75 



7B 



77 



FIE. 15 



. 030 



. 025- 
rs 

Z 

tL 

0- . 020I- 

n 

□ 

Ln 0.015- 



ui 

ii] 

IE 
EC 
LI 
> 



0.0 10- 



5TRTIDN-- RRY5 1DE 

207HH HR5 
.013 PPM 
3 13- ! HR 

I B-2HHR 



33E75 HR5 
00B PPM 
I 07- I HR 
3-2HHR 



. 005 



. 000 



57 EB 63 70 



7 1 72 73 7M 75 75 77 



CO 



FIE. 



. 07 



. 05 

z 

n 0.0sf- 

tL 



N 



□ 



. 0H 



111 . 03 

H 

d: 

LlI 

> 

ir 

0.011- 



. 02 



. 00 



5TRT1DN: 5KERD 



ZI055 HR5 
03B PPM 
I ! 3- 1 HR 
! 03-2HHR 



E7 SB EH 70 7 



3BE02 HR5 
017 PPM 
E0H- I HR 
H5-2HHR 



MDE CRITERIDN 



72 



73 



7H 



75 



7E 



77 






FIE. 17 



0.012- 



t r 



t r 



0.010- 

z 

EL 

Q- . 00bI— 

n 

□ 

U» . 00E+- 



Ul 
13 
IE 

Id 
> 

n: 



. 00H- 



0. 002 



5TRT1DM: LRKE PENREE 

20293 HR5 
. 00B PPM 
! 32- ! H& 
! 3-2HHR 



. 000' 



3BB7H HR5 
00H PPM 
55- ! HR 
3-2MHR 



B7 EB EB ' 70 7 I 72 73 7M 75 7E 77 



o 



FIE. 



» » 



• • 



0.0(2' 



0.010- 

z 

H . 00B 

PJ 

□ 

in . 00E 



Li 

IE 
IE 

> 

IE 



. 00H 



1 1 1 1 1 

5TRTIDNJ: 5T . CHRRLE5 

2002H HR5 
.002 PPM 
10-IHR 
0-2HHR 



i r 



33 ! 05 HR5 
005 PPM 
17-IHR 
0-2HHR 



. 002 



. 000 



E7 



E3 70 



CO 



7! 72 73 7H 75 7E 77 



FIE. IS 



. 1 B 
. 1 E 


i ! 1 1 1 j ■ 

1 

5THT1DN* BURWR5H 


1 1 1 1 1 ' 


z*\ 


I 
I97B2 HR5 


3BHB2 HR5 


y . 1 H 


.007 PPM 1 


. 00B PPM ~~ 


H 


5H- I HR 


1 IH-IHR 


LL 0.012 


l 

0-2HHR 1 

i 


5-HHHR ~ 


Q0.0I0 


I 
1 








in 


I 

I 








• J . 00B 










I 
















— 


LD 










1 


















£ • 005 


















i 

1 

i 




















— 


LI 


















I 
1 






















> . 004 


















i 
1 




















__ 


E 






















i 
1 






















. 002 






















i 
I 




















— 


. 000 






















1 























57 BB B3 70 7 



72 73 7H 75 7B 77 



to 



FIB. 20 



• » 



• • 



« • 



0.012 



0.010 

X 
EL 

tL . 00B 

ni 

□ 

Ln . 00B 



Li 
\n 
n: 
rr 

LI 

> 

IE 



i 1 1 1 r— 

5TRT I DN •• MDRERN 

20 I B3 HRS 
. 00M PPM 
BE- ! HR 
[ -2HHR 



. 00M 



. 002- 



. 000 



33 I ! B HR5 
. 00H PPM 
MM- I HR 
2-2MHR 



B7 BB B3 70 7 ! 72 73 



7M 75 7B 77 



CO 



FIB. 2 



0.0 f H 



0.012- 

z 

EL . S3 i a 
EL 

N 

□ 

01 



. 00Q - 



5THT I DN ' ERR55Y LRKE 

IB3IE HR5 
.005 PPM 
2B- I HR 
0-2HHR 



I BOB I HR5 
00B PPM 
7- I HR 
0-2MHR 



LI • 005 

n 

Li 

> 

. 002 



. 00H 



. 000 



7 BB 5H 70 7 



72 73 



7M 75 75 77 



FIB. 22 



. 02S 



/\ . 020 

z 

CL 
Q. 



N 

D 
Ul 



0.015- 



u 

U] . I 
IE 

u 

[j- . 005 



. 000 



I B I G53 HR 
2H23- I HR 
I B3-ZHHR 



I B72EB HRS 

7S0-I HR 
32-2HHR 



B7-7 



72 



73-77 



CMRY TO DCTDBER) 



CD 



FIB. 23 METRN 5D^ CONC . IN THE 5UDBURY RRER FDR 1 9E7-7 I RND 1973-77 



. 025 



. 020- 

z 

EL 

EL 

v/0 . i sf- 

Z 

□ 

^0 . i e 

□ 

in 



. 00S - 



. 000 



I B I ES3 HR5 
2H23- I HR 
I B9-2HHR 



B7-7 



72 



33 I S30 HR i 
I 300- ! HR 

E5-2HHR 



73-77 



CO 



FIE. 2H MERN 5D 2 CDNC . IN THE SUDBURY HREIR FDR I 3E7-7 I RND 1373-77 



• • 



• « 



0.10 



5TRTI0N' R5H 5T . - 5UDHURY 



r\ . 0B 

z 
a. 

EL 

w . 05 
□ 

lh 



w 
in 
rr 

EC 

> 

IE 



. 0H 



. 02 — 



. 00 



B235 HR5 
053 PPM 
377- I HR 
MB-2HHR 



7 ! 



72 



H ! B33 HRB 
. 022 PPM 
247- ! HR 
I 7-2HHR 



73 



7H 



MDE CR ! TEZR I ON 



75 



75 



77 



CO 

<4 



FIG. 25 









f 00 



r\ 



m 



z 
\ 

ID 

u 
z 

IE 
U 

z 

d: 

«- 
u 
z 

D 

U 
ID 



B0 - 



B0 



H0 



20 







5TRT ION • 
PER I DO • 



RSH STREET 
37 I - I 377 



- SUDBURY 



± 



± 



_L 



97 1 1372 1373 



37' 



RNNURL CRITERION 



37S 



37B 1377 



YERR 



PIE.2B RNNURL GEOMETRIC MERN5 FOR TDTRL SUSPENDED PRRT I CULRTES 



« * 



« 



Fl 

z 
\ 

LB 

n 
z 

EE 
Ld 

z 
d: 

UJ 

z 
□ 
111 

ID 



I 20 



! 00 - 



BE 



E0 



H0 



Z0 







5TRTIDN' LI5BRR STREET 
PERIOD" I 372- I 377 



- 5UDBURY 



± 



372 



-L 



-L 



RNNURL CRITERION 



373 I 37H ! 37S I 37E 1977 



YERR 






FIE. 27 RNNURL EEDMETR 1 C MERNS FDR TDTRL SUSPENDED RRRT I CULRTE5 



s~\ 



m 



\ 

LD 

Zl 

u 



2— 



. B — 



. H — 



. 



5TRTJDN' R5H ST - 5UDBURY 
YERR • I S7B- I 977 



-H- 



*^ +J >- 



.r*W + 



. 



0.2 . H 

MHX I -HR 5D, CDNC 



Y^BX+R 
R-»0 . I 0S 
B- I . B2 I 
R=0 . EE 



1 

. E 

C PPM > 



. B 



o 



riB.2B TDTRL NICKEL. IN SUSPENDED PRRT I CULRTE VS 5D 2 CDNC.CMRX. 1-HR) 



• » 



« • 



£ . 0—| 



n 



z 
\ 

ID 

LI 
EL 
EL 
□ 



5TRT I DN • RSH 5T - SUDBURY 
YERR ■ I 97E- I 977 



H . — 



3 . — 



2 . — 



. — 



. 




. 



. H 

HR 5D 2 CDNC 



. B 



FIE. 23 TDTRL COPPER IN SUSPENDED PRRT ! CUL.RTE5 V5 



ID 2 CDKIC . CMRX 



I -HR) 



h 



I . 0-H 



B . 



r\ 



n 



\ 

ID 



D 

q: 



e . — 



H . — 



2 . 



. 



5TRTIDN' RSH ST - 5UI>BURY 
YERR « I S7B- I 977 



- +** + 



* 



-+- •+- 



. 



. 2 



T 



■I r 



. H 

MRX. 1-HR 5 □ 2 CDNC 



Y=BX+R 
R«= I . HSH 

B«=2 . B9B 

r«=0 . i y 




. B 

C PPM > 



. B 



<o 



FIB. 30 TDTRL IRON IN SUSPENDED PRRT ICULRTE V5 5E3 CDNC.CMRX. 1-HR) w 



» • 



i « 



. Bi r 



Z 
EL 
EL 
v/ 

Z 
□ 

u 
m 

CE 

m 
> 

tE 



. E - 



5TRT 1 DN • R5H 5T 
YERR • ! 97B 



URN 3 



- 5UDBURY 



. H - 



0.2- 



JRN 3 



. — * 




i s 



HOUR (EST) 



FIE. 31 



TYP 1 CRL NDX EVENT RECORDED RT R5H 5T . SUDBURY 






. 0S 



EL 



0.0H- 



0.03- 



z 
□ 

. 02 

u 
II] 

IE 

LI 0.01 

> 

IE 



. 00 





— i r- t i 

STRTIDN' RSH ST 


T 


1 1 

SUDBURY 


i 


1 


1 


" ! 


1 






YERR • t 37B 


















" 




















— 


\^X 
















- 


— 


\ ND 
















- 


— 


ND 2^v. 
















" 




1 1 1 1 


— U 




1 


J 


-I 


1 


1 





tJRN FEB MRR RPR MRY UUN UUL RUB 5EP DCT NOV DEC 



r ! & . 32. 



MONTHLY VRRIRTIDN OF NDX/ND/ND2 IN SUDBURY DURING !37B 



. 0S 



EL 

IL 



0.0M- 



.03 



z 
n 

.02 

Ui 
ID 
EC 

o: 

Ul 0.01 

> 



. 00 



T 



STRTIDN' R5H ST 
YERR' 1377 



- 5UI>BURY 




URN FEB MRR RPR MRY tJUN JUL- RUE SEP OCT NDV DEC 



FIE. 33 



MONTHLY VRRIRTIDN DF NDX/ND/ND2 !N SUDBURY DURING 1977 






. 0H — 

z 
n 

Z 
□ 

\j . 02 

X 

□ 

z 



. 00 



strt i cjni » RSH 

YERR • ! SVB 



T — SU£>SURY 







•*- 



Y-BX+R 
R««0 . 005V 
B-0 .000027 
R~0 . 9H 



200 H00 600 B00 

HERT I NG DEGREE-DRY5 



1 1 

I 000 



FIE.3H MONTHLY RVERREE NDX CONCENTRATION V5 NO. OF HERT I NE DEEREE-DRY5 



U3 



* 



. 0H- 

z 
a. 
a. 

z 
a 

y . 02- 

X 

□ 

z 



. 00 







5TRT I ONi i R 
YERR • I 977 



H ST — 



UD-BURY 



Y«=BX+R 

b«=0 . r ! e 

B»0 . 000027 
R^0 . 30 



I ' 1 ' 1 ■ 1 

200 H00 E00 B00 

HERT I NE DEEREE-DRY5 



1 1 ' 

f 000 



FIE. 35 MONTHLY RVERREE NDX CONCENTRATION V5 NO. DF HERT I NE DEEREE-DRY5 



KD 



£0 



40 - 



a. 



u 
z 
□ 

N 
□ 



30 - 




20 - 



URN FEB MRR RPR MRY dUN JUL RUB SEP DCT NOV DEC 



F I E . 3B MONTHLY VRRIRTIDN DF RVERRBF. D2DNE CDNCENTRRT I DN5 IN 1977 



CO 



• • 



B 



T 



T 



STRT I DN i R5H ST - 
PEIR f DO « FEBRURRY 



5UDBURY 
DECEMBER 



377 



2H - 



MJ 

CL 
CL 

U 

z 
n 

N 

n 



20 




I 2 h 











2H 



HDUR (E5T) 



FIB. 37 



D I URNRL VRRinTIDN DF RVERREE DZDNE CDN CEN T R H T I DN 5 IN 1377 






r\ 



EL 

y 

z 
□ 

N 

n 



50 



SH - 



H0- 



30- 



20- 



10- 







STRT I ON « 
♦-RPR 1 L- 
D-MRY 



R5H ST - SUDBURY 




IS 



20 



HOUR CE5T) 



FIE.3B DIURNRL VRRIRTIDN DF DZDNE LEVELS IN RPR I L RND MRY I S77 



o 
o 



* « 



• 



• • 



• 



£0 



to 
n. 
n 

Li 

Z 

n 

N 

□ 



H0- 



30 - 



20- 



0- 









1 


! 




1 


1 


i 






5TRT 1 DN « 


R5H 


ST - 


- SUDBURY 










♦-UUNC 
















D-JULY. 


/ 


^ 


ja n 


n m 




■— ■ _ 




□ LJ^£ 


— 


^4 


if 

L. 


I 


- - I 




... L. , .. 


— 



I 2 



20 



HDUR (E5T) 



FIG. 39 DIURNRL VRRIRTIDN DF D2DNE LEVELS IN UUKJE RMD JULY I S77 









POLLUTRNT ' OZONE (PPB) 
5TBTIDN' R5H 5T 
PERIOD* URN - DEC 1377 
YRLUES REPORTED ' >B0 PPB 




o 



FIE. H0 



• * 



* 



r 30 



i 10- 



STHTIDN" RSH ST - SUDBURY 

ORTE» JUNE 2B/ IS77 



CL 

u 

Z 

n 

N 

n 



90 - 



70- 



£0 - 




30 — !■ 



10 



f s 



HDUR CE5T) 



20 



2H 



o 



FIE. H 



DZDNE EPI5DDE RECORDED IN 5UOBURY IN UUNE f S77 



104 



VIII BIBLIOGRAPHY : 

1. Potvin, R. and Balsillie, D. , "Air Quality Monitoring 
Report For The Sudbury Area (1975)", Ontario Ministry 
of the Environment Report, May 1976. 

2. Private communication with Mr. R. Vet, consultant, 
Ministry of the Environment Air Resources Branch, 
Sudbury Environmental Study minisonde program. 

3. Mcllveen, W. and Balsillie, D., Air Quality Assessment 
Studies in the Sudbury Area, Vol. 2, "Effects of Sulphur 
Dioxide and Heavy Metals on Vegetation and Soil, 1970-1977," 
August 1978. 

4. Sudbury Environmental Study, Annual Report, 1977. To be 
published. 

5. King, R.B. and Toma , J., "Copper Emissions From a High- 
Volume Air Sampler," NASA Technical Memorandum, NASA TMX-71693, 
March 1975. 

6. Heidorn, K.C., "Sulphate and Nitrate In Total Suspended 
Particulate In Ontario", Ontario Ministry of the Environment, 
Air Resources Branch, Internal Report, October 1977. 

7. "Ontario's Air Pollution Index", Ontario Ministry of 
the Environment Report, 1971. 

8. Ludwig, F.L. and Kealoha, J.H.S., "Selecting Sites For 
Carbon Monoxide Monitoring", U.S. EPA Report 450/3-75-077, 
September 1975. 

9. Urone, P., "The Primary Air Pollutants - Gaseous, 
Their Occurrence, Sources and Effects", Air Pollution, 
Vol. 1, 3rd edition, edited by A. C. Stern. 

10. "Air Quality Criteria For Photochemical Oxidants", U.S. EPA 
Report No. AP-63, Research Triangle Park, North Carolina, 
1970. 

11. Chung, Y.S., "Ground Level Ozone and Regional Transport 
of Air Pollutants", J. of Appl . Meteorology, Vol. 16(11), 
No vembe r 1977. 

12. Yap, D. and Chung, Y.S., "Relationship of Ozone to 
Meteorological Conditions in Southern Ontario" . Preprints 
70th Annual Meeting, Air Pollution Control Association, 
Toronto, No. 77-20.4, 16 pp., 1977. 

13. Wolff, G.T. et al., "An Investigation of Long-Range 
Transport of Ozone Across The Midwestern And Eastern 
United States", Atm. Environment, Vol. 11, pp. 797-802, 
1977. 

14. Vukovich, F.M. et al., "On The Relationship Between High 
Ozone In The Rural Surface Layer and High Pressure 
Systems", Atm. Environment, Vol. 11, pp. 967-983, 

1977. 



ro 

i 



